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Porthmd  Cement,  etc.  The  System  ot  Sluices,  New  North  Work-,  Liverpool, 
landing  Stage  and  Piers,  Birkenhead.  Hjdranlic  Machinery.  Wrought  Iron  Girder 
Work.  President's  Address,  The  Status  and  Prospects  of  Engiuecrs,  TtunsallaDtic 
'  Lines  and  Steamships.  Pumping  Engines  for  Water  Works.  Tho  Permanent  Way 
I  of  Railways.  The  ConstmctioD  and  Working  of  Light  Railways.  Town  Sewage  and 
Befiuc  DIeposaL  Storing  Water.  Use  of  Cast  Iron  in  Engineering  Structures. 
Homogeneity  r.  Welds  in  Iron  and  Bteel.  Railway  Junctions,  Gradients,  and  Cnrvcs. 
Bouse  Drainage.  Sewerage.  Sinking  a  Shaft  in  Flintshire.  Blucli  aud  Intciloeking 
System  in  Railways.    Ilydranlic  Power  and  Iligh-pressaro  Water  Supply.    Etc. 

Vpl.  i,  1882.— Design  of  Movable  Bridges,  The  Smith  Vacuum  and  Automatic 
Vacuum  Brakes.  Electric  Light  nt  the  Free  Lihrory,  Lircrpool.  Preservation  of 
Iron  from  Corrosion.  Application  of  Natural  Forces  to  the  Production  of  Motive 
Power.  Lamination  and  Defective  Welds  in  Iron,  Propalsion  ot  Vessels  by  Steam 
direct  from  the  Boilers,  Tides  and  Tidal  Scour.  Proposed  Elevated  Railway  for 
Literpool  Docks.     Etc. 

Fol,  3, 1883.— Plymouth  Corporatiun  Water  Works.  Municipal  Control  of  Streets 
and  Buildings.  Ventilation  of  Houses  and  Public  Buildings.  Pnpur-makora' 
Uacbinery.  Plate  Web  OirdetB.  Impervious  Street  Pavements,  Recent  Progress 
in  Electrical  Engineering.  Testing  of  Matetialfe  tor  use  in  Engineering  Structnrcs. 
Uallctt's  System  of  Controlled  Combustion.  Notes  on  American  Engineering.  Etc. 
Vet,  4,  1881. — Graphical  Inrcstigntion  of  Stresses,  Notes  on  Ihu  Indicator. 
I  Wire  Rope  Traction  on  Tramways,  Notca  on  American  Locomotives.  New  Tramn'ay 
Locomotive.  The  Pitchomctcr.  Crane  Power  for  Dock  Estates.  Southport  Scworago 
System.  Electric  Light  Fittings,  Joints  and  Joint-making.  Lancashire  Plaieway 
Scheme,    Tclomcters.     Modem  Progress  m  Mine  Engineering.    Etc. 

W.  5,  1B86.— Comprassed  Air  to  Mining  and  Sewage  Works,  Boys'  Engine 
Power  Motor.    Btniugth  of  Bronw  Alloys.    Ari.iflcial  Pillration  of  Warm  Estuuries, 


:"9^ 


ImproveniciilB  iit  Luti>mi;tivu  Engines.  Itcwiit  InlauJ  Kavitailiuu  Abrosil.  Electric 
TraiQwaj9.  Dse  of  Stuam  aa  a  Modiom  for  Huating.  A  Wormgeared  Tnunwar 
Locomotive.     Pi'oaident's  AddresB. 

Vol  6,  ]886,— The  Different  Bnlea  in  Uec  for  Ship's  Calcnlations.  Recent  Pro- 
gress with  Public  Supply  of  Hydraulic  Power.  Porosity  of  Portland  Cement  Coa- 
eretc  Notes  on  Const rucliunal  Ironwork.  Electric  Lighting  from  Central  Stations. 
Quarrying  and  the  Prepamtion  of  Sets.  The  Itelstionship  between  Engineering 
and  Architecture.  Science  and  Art  in  connection  with  Buildings.  The  Application 
of  Compressed  Air  to  Warebouso  Requirements.  Recent  Eesearches  on  the  Salm^ 
of  Friction  and  the  Application  of  Lubricants.  Service  Beservoire.  Some  Obser- 
vations on  the  Design  and  Construction  of  gtecl  and  Iron  Sbipa,  President's 
Retiring  Address. 

Mancuestes  AsaociATiON  of  Enoiveebr,  Manchester.— Sundry  paper*  as 
follows ;— The  Progress  of  Printing,  I'he  use  of  Steam  for  Canal  Boat  PropulHon, 
The  use  and  abuse  of  the  Steam  Engine  Irdicalor.  Conservation  of  Energy. 
Address  ;  The  First  Iron  Boat  and  its  Inventor,  John  Wilkinson.  Boiler  Eiplosions. 
The  Growth  of  Industries  at  Home  and  Abroad,  System  in  Engineering  Work*. 
Thirty-first  Annual  Report.  The  Chief  Mechanical  Inventors  of  Lancashire. 
Lubrication. 

Ikstitution  op  Mechanical  ENCIirEEsa,  London,  188fi,  Part  2.— The  Dislri- 
bntion  of  the  Wheel  Load  in  Cycles.  The  Raising  of  the  Wrecked  Steam  Ship  "  Peer 
of  the  Hcalm."  Refrigerating  and  Ice-mnking  Machinery  and  Appliances.  Part  3 
— President's  Address.  Eiperiments  on  the  Steam  Jacketing  and  Compounding  of 
Locomotives  in  Kussin.  On  the  Working  of  Compound  Locomotives  in  I'ldia.  Ex- 
cursions, etc.  Part  *.— Opening  of  Engineering  Dc])artnient  of  Yorkshire  Collie, 
Leeds.  On  Triple  Expansion  Marine  Engines.  Memoirs.  Pari  S. — Fortieth  Annual 
Report  of  the  Council. 

HiDLAUD  Institute  of  Minihq,  Civil  and  Mechamioal  Ekgiksbbs, 
Bamsley,  Vol.  10,  1886-7.  Parf  82  to  88  inclusive.— Coal  Cutting  Machinery.  Ven- 
tilation Tables.  Use  of  UriUed  Steel  Girders  for  Supporting  tbe  Roof  of  Mines. 
Elliott's  Patent  Multijilc  Wedge.  Easterly  Extension  of  the  Leeds  and  Nottingham 
Coal  FicliL     Arrangement  for  Arresting  the  Fall  of  Colliery  Cages. 

The  IsaTiTUTiOS  of  Naval  Abchiotects,  London,  J'el.  L'7,  1886.— The  Speed 
Trialsof  recent  War  Ships.  An  Improved  Mechanical  Method  of  finding  the  Stability 
of  a  Vessel.  A  Strain  Indicator  for  use  at  Sea.  A  brief  Review  of  the  Progress  of 
Mild  Steel,  and  the  result  o(  8  years'  experience  of  its  use  for  Shipbuilding  pur- 
poses. The  present  aspect  of  Mild  Steel  for  Shipbuilding.  The  use  of  Steel  Casting* 
in  lieu  of  Iron  Forgings  and  Brass  Costings  in  Building  and  Fitting  Ships,  Closed 
Stokeholds.  Forced  Combustion  in  Furnaces  of  Steam  Boilers.  Modern  Improve- 
ments in  the  Working  of  Cables  and  the  Stowage  of  Anchors.  Experience  in 
Propulsion  with  Three  Screws.  The  Detennination  of  the  most  suitable  Dimen- 
Bions  for  Screw  Propellers.  Dcsoriptba  of  an  Instroment  intended  to  Analyse 
Boiling  ol  Ships.  Proposed  Steam  Life  Boat,  with  special  reference  to  its  Sta- 
bility. Converting  existing  Comjiound  Engines  into  Triple  Expansion  Engines. 
Flexible  Crank  and  Propeller  Shafting  in  Ilea  of  Rigid  Shafting  for  Marine  Pro- 
pulsion, A  new  system  of  Steering  Gear,  and  Rudder  Strains  recorded  by  it. 
Recent  Measuremonls  of  Tuming  Powers  of  Screw  Shipi.    Tlie  Strength  of  Bulk- 


Vol,  28,  1887. — Carriage  of  Petroleum  in  Bulk.  Description  of  the  River 
Mersey  and  the  Port  of  Liverpool  Notes  upon  Losses  at  Sea.  Progress  and 
DeTelopment  of  Marine  Engineering.  Atlantic  Steamers.  The  Merchant  Service 
and  the  Boyal  Navy.  Results  of  Progressive  Trials  in  Torpedo  Boats.  Twin  Screw 
Torpedo  Vessels.  Fifty  Years*  Yacht  Building.  The  Corrosion  and  Protection  of 
Iron  and  Steel  Ships.  Fuel  Supply  in  Ships  of  War.  Changes  of  Level  in  the 
Surface  of  the  Water  surrounding  a  Vessel,  etc.  The  Forces  acting  upon  the  Blade 
of  a  Screw  Propeller.  The  Machinery  of  Small  Boats  for  Ships  of  War.  Effects 
of  Belted  and  Internal  Protection  upon  the  other  Elements  of  Design  of  a  Cruiser. 
The  Shifting  of  Cargoes.  Practical  Application  of  Stability  Calculations.  The 
Principle  of  an  Hydraulic  Apparatus  for  Transmitting  Signals  and  Power.  Some 
Becent  High  Speed  Twin  Screws.  The  Forms  of  Fish  and  of  Ships.  Method  of  using 
Paper  Sections  for  the  Determination  of  Cross  Curves  of  Stability.  Stability  Cal- 
culations by  means  of  the  Planimeter.    Etc 

The  Nobth  of  England  Institute  of  Mining  and  Mechanical  Engineebs, 
l^ewcastle-on-Tyne,  Vol,  35,  Part  3. — The  Iron  Ores  of  the  English  Secondary  Rocks. 
Transmission  of  Power  by  Steam.  Regulations  for  the  Management  of  Fiery  Mines 
in  Prussia.  Part  4. — Paper  on  Coal  Mining  in  New  2iealand.  President's  Address. 
ConncU  Report.  Etc  Vol,  36,  Part  1. — On  an  Improved  Electric  Safety-Lamp 
for  Mines.  Transmission  of  Power  by  Steam.  The  Coal-Measures  of  Catalonia, 
Spain.  Connection  between  Movements  of  the  Earth's  Crust  and  the  Issues  of 
Oases  in  Mines.  Discharge  of  Lightning  at  the  West  Thomley  Colliery.  Cuvelier's 
Lock  for  Safety-Lamps.  Part  2.—  The  System  of  Working  Ironstone  at  Lumpsey 
Mines  by  Hydraulic  Drills.  A  Fire-Damp  Indicator.  On  **  Securite."  Part  3. — 
Miners*  New  Electric  Safety-Lamp.  Rapid  Determination  of  the  Specific  Gravity 
of  Bodies.  The  Occurrence  of  Manganese  Ore  in  the  Cambrian  Rocks  of 
Merionethshire.    Etc. 

ROTAL  Dublin  Society,  Dublin.— Scientific  Transactions,  Vol,  3,  series  2,  Parts 
11, 12, 13.  Piq>ers  on  scientific  subjects.  Do.,  Scientific  Proceedings,  Vol,  5,  Parts 
1  to  6  inclusive.    Papers  on  scientific  subjects. 

Society  of  Engineebs,  London,  Transactions  for  1886.— The  Roorkoe  Hydraulic 
Experiments.  Obscure  Influences  of  Reciprocation  in  High  Speed  Engines.  Induced 
«,  Forced  Draught  for  Marine  Boilers.  Modem  Improvements  in  the  Manufacture 
of  Coal  Gas  Liquid  Fuel.  The  Lartigue  Single-rail  Railway.  River  Pollution  caused 
by  Sewage  DisposaL 

AKNT7AIBE  DE  L* ASSOCIATION  DES  INGENIEUBS  SOBTIS  DE  L'£cOLE  DE  LIEGE, 

May  and  Jwm^  1886. — Les  Conditions  Techniques  et  Economiques  Actualles  de  la 
Fabrication  des  Poutrelleso  u  Fers  X  en  Belgique.  L'j^lectricitd  et  les  Tramways. 
Note  sur  le  Cubilot  Herbertz.  Les  Asccnseurs  Hydrauliques  pour  Bateaux.  L'Eo- 
latrage  Blectrique.  July  and  August, — Note  sur  la  d^  incrustation  des  g^n^rateurs 
Belleville.  Corrosion  et  incrustation  des  chaudi^es,  protection  par  le  zinc.  Le  tel- 
pherage Jenkin.  September  and  October, — L*Electricit^  et  les  Tramways.  Note  sur 
quelques  Appareils  ferment  Automatique  la  tdte  des  Plans  Incline.  De  la  Fabrica- 
tion de  TAcier  sur.  Sole.  November  and  December, — L*Electricit<&  et  les  Tram- 
ways. Btude  sur  la  Question  Ouvri^re.  January  and  Ihbruaryj  1887. — Les  D^ge- 
ments  Instantan^  d*Acid  Carbonique  auz  Mines  de  Kochobelle  (Gard).  Un  Systeme 
d*£xploitation  des  Plateures  par  Tallies  Montantes.    L' Aluminium  et  ses  Alliages. 


Siarch  and  Aji'ii.—VAlvniiaiam  tt  ws  Alliag^  (continuwl).  ten  Origincs  ile  I& 
U^tallurgie  aa  pajB  d'  entrc-sambre-et-Meuse.  Boueadc  Wagon.  L' Application  des 
TaqueU  n  Aluisaement  ile  6:rsUmc  Stanss  aa  Si^gc  dea  Churboiinagcs  de  BoBcoup. 
Note  snr  Ics  Chambers  d' Explications.    Etc. 

Tbe  Socth  Wales  institute  of  Esgixbebs,  Swansea,  Vel.  14,  JV'o,  e.~Dia- 
cusaion  nn  ImproremGnts  £□  Coal  Washing.  Discussion  on  ItDCcnt  laprorcmcntH  on 
Electric  Lighting.  Diucussion  on  a  Rcmarliabic  Discovery  of  Coal  at  the  EingBWOod 
Collicrica,  1884.  Diacosaion  on  Gregory's  Improved  Valve  Gear.  DiacoBsion  an  Des- 
cription of  Plant  for  Iron  Smelting  by  Water  Gas.  The  Watering  of  Dnstry  Uinea. 
ImpioTedHydraiilicPuniptor Mining Purpoaes.  TheMecbanicoiTelephone.  Clappft 
Bandhrook'a  Improved  Snfety  Lamp.  Vol.13,  ^a,  I, — Adjourned  Discussion : — Elec- 
tric Lighting,  and  Gregory's  Improved  Valve  Gear.  Discussion  on  the  Watering  of 
Dtiatj  Mines.  Papera : — Notes  on  tbe  Coal  Fields  and  Coal  Industry  of  Belgium. 
A  Method  of  Lighting  Locked  Safety  Lamps.  iVo.  2. — Discussions :— The  Watering 
or  Damping  of  Dusty  Mines.  An  Improved  Hydraulic  Pump  for  Mining  Purposee. 
The  Mona  Diatrict  of  the  Belgium  Coal-Gelds.  A  Method  of  Lighting  Locked 
Safety-Lamps.  Papers  :-'Suggeated  Amendment,  in  Ibc  Economics  of  Coal 
Washing  in  South  Wales.  Mercier'a  Improved  Sofety-Lamps.  Electric  Safety 
Lamps  for  Minera.  Portable  Electric  Miners'  Safety-Lamps.  Puetacb'a  Fi'eeiing 
System  of  Sinking  through  Qaicksanda.  Abstract  of  Paper  on  the  Use  of  Petroleum 
aa  Fuel  in  Steamsbips  and  Locomotives.  H'o.  3.— Diacassion  on  Su^estcd 
Amendment  in  tbe  Economics  of  Coal  Working  in  South  Wales.  Discussion  on 
Electric  Satetj-Liimps.  Tlie  Hosard  Collieries  at  Mitheroux,  Belgium.  Proposed 
Method  of  Extracting  Gas  from  Fiery  Seams.  Shot  Firing  in  Mines.  The  Severn 
Tunnel. 

The  United  States  Naval  Ikbtitutb,  Annapolis,  D.S.,  Vol  13,  JWi.  9.— Oor- 
losion  of  the  Copper  of  the  "Juniata."  PraoiicalMcthodof  arriving  at  the  Number, 
Sixe,  Type,  etc..  of  the  Vessels  of  which  the  United  States  Navy  should  consist  in 
mo  of  peace.  Notes  on  the  Literature  of  Eiplosives,  etc.  A'e.  t. — Bange  Lights  on 
Sea-going  Ships.  Proposed  Method  of  Banging  Guns  applicable  to  Flat  Trajeetonea. 
Notes  on  Electrical  Testing  and  Measuring  Apparatus  for  Ships.  Naval  Re-organisa- 
tion. On  the  Study  of  Naval  Warfare  as  a  Science.  Tbe  Firing  of  High  Explosive* 
from  Great  Quns.  Compressed  Gun-Cotton  for  Hilitai^  Purposes.  Notes  on  the 
Literature  of  Explosives.  Extract  froin  the  Report  uf  the  March  to  Witu,  etc. 
Forced  Combustion,     Etc. 

Vel.  13.  JVa.  I.— Steel  for  Heavy  Quns.  A'b,  S.—Tbe  most  suitable  metal  for 
Naval  Ouns.  The  Navigators'  Position  Indicator.  Pressure  Recoriling  Instruments. 
The  Study  of  Naval  History.  The  Naval  Station  at  Norfolk.  Vs.  Economy  of 
Compound  Direct-acting  Pumping  Engines.    Simpsou's  Timber  Dry  Docks.     Etc, 
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Bittleston,  W.  H.,  24,  Harmer  Street,  Gravesend (S)  May  1885 

Black,  Jas.,  Portobello  Foundry,  Sunderland           (E)  Jan.  1885 

Black,  Wm.,  Messrs.  Black,  Hawthorn,  Sc  Co.,  Gatesliead (E)  Jan.  1885 

Blakston,  J.  W.,  ").  Douro  'lerracc,  Monkwearmouth,  Sunderlaml  (S)  Jan.   1886 

Blechynden,  Alfred,  Barrow  Shipbuilding  Co.,  BaiTow-in-Furncss  (E)  Oct,    1885 

Blenkinsop,  .John  N.,  Lobley  Hill,  Gateshead          (E)  Oct.    1885 

Blumer,  Wm.,  Rockside,  Rokcr,  Sunderland            (S)  Dec.  1886 

Bone,  W.  J.,  61,  Linskill  Terrace,  North  Shields     (S)  Dec.  1834 

Boolds,  Jas.  H.,  Shipyard,  Pall  ion,  Sunderland        (S)  Oct.   1886 

BoTOvski,  G.,  Baltic  Works,  St.  Petersburg,  Russia  ...'        (E)  Oct.  1885 

Bourn,  John,  1,  Wincomblee,  Walker           (E)  Nov.  1884 

Boyd,  W^m.,  74,  Jcsmond  l\oad,  Newcastle-on-Tyne           (E)  Nov.  1884 

Brankston,  R.  T.,  37,  Hawthorn  Street,  Newcastle-on-Tyne         ...  (E)  Nov.  1884 

Bray,  0.  H.,  86,  Eoker  Avenue,  Sunderland (E)  Mar.  1887 

Biemberg,  G.,  Kockums  Mckaniska,  Vcrkcstad,  Malmo,  Sweden...  (S)  Nov.  1884 

Brock,  John,  6,  St.  Mary's  Place,  Newcastle-on-Tyne        (E)  Nov.  1885 

Biongh,  Robert,  9,  Western  Hill,  Sunderland          (E)  Dec.  1885 

Brown,  Eugene,  125,  Sandyford  Road,  Newcastle-on-Tyne           ...  (E)  Feb.  1886 

Brown,  Nigel  K.,  31,  Grange  Road  West,  Jarrow     (E)  Nov.  1884 

Browne,  Sir  B.  C,  2,  Granville  Road,  Jesmond,  Newcastle-on-Tyne  (C  E)  Jan.  1885 

Brown,  William,  3,  Lower  Prospect  Place,  Pembroke  Dock         ...  (E)  April  1887 

0 


Bronu,  T.  B.,  It,  Dock  Street  Eaat,  Sunderland    , 


(E) 


Bochaotttl,  A..,  Messrs.  Swan  it  Hnnter,  Walliend 

Buckland.  n.  El..  Walker  Boiler  Works.  Low  Walker         

Bi^lau,  A.  W.,  31.  lliibum  Terrace.  Monfcwearmouth.  Sunderland 
Bnlmer,  Johu,  1,  Oraingcrrille  Xorth,  Ncwrastle-on-Tyne 

Btirdon.  J.  0.,  48,  Lovninc  Place,  Ncwcastle-on-Tyne        

D^rn^  J.,  H,  KaUer  Terrace.  West  Hartlepool  

ButtarSeld,  George,  30,  John  Candlish  lload,  Jlillfleld,  Siindcrlacd 

Campbell,  Hartley,  Sunderland  Eneine  Works,  Sunderland 

Carnegie,  Aloxunder,  B-i,  Glnnceater  Road,  Sewcaatle-on-Tj-ne 

Carr,  J.  W.,  Point  PleaBBnt  ilouse,  Wallaend  

Cnrr,  Thomas,  Mcssra.  Carr  Si,  Co.,  Knginecra,  Siindcr'ani) 

Cnrrick,  H.,  Holly  Home.  Gateshead 

Carriek,  Henry  n.,  nolly  House,  Gateshead 

Carter,  Q.  J.,  Klswick  Shipyard,  Newcastle-on-Tyne        

Carter,  Tho»i.,  7,  Dandas  Stj'eet,  J I  onkn-earmouth,  Sunderland 

Cay,  Arthur,  Westoe,  South  Shields 

Chapman.  Capt.,  Belle  Vue,  Low  Fell,  Gateshead 

Chapman,  Hedloy,  147,  Park  Hoad,  Newcastle -on-Tyne    

Charlton,  Henry.  Itlesars.  Hawks,  Crawshuy,  jc  Bone,  Gateshead  ... 

Charlton.  R.  B.,  Jun.,  Manors  Railway  Station  Works,  Sewcastle 

Charlton,  T.,  2a,  Lincoln  !?trcct,  Gateshead 

Christie,  C.  A.,  4,  Colbeck  Terrace,  Tyncmouth       

Christie,  O.J.  D..Nept-^ne  Works,  Low  Walker      

Christie,  J.  D.,  *,  Colbeck  Terrace,  Tynemouth        

Clark.  Qeu.,  Southwick  ('.ngine  Works,  ijuoderland  

Clarke,  Jas.,  Elswick  Marine  Engine  Works.  Newcastle-on-Tyne 

Clarke,  Thos.,  EUwlck  Marine  Engine  Works,  Newcoatla^n-Tyne 

Collyer,  P.  N„  Hurworth-oti-Tecs,  Darlington  

Conning,  Alfred  C.,  Dunaton  Iron  and  Steel  Works,  Galeabead    .. 

Conridi,  Carl,  Hawthorn,  Leslie  k  Co..  St.  Peters' 

Coote,  Arthur,  MeBsm.  E.  ft  W.  Hawthorn,  LcBlie,  &  Co,,  Hebbuin 
Crawrord,  Jns.,  B,  Costom  House  I'oiirt,  Quayside,  Newcastla      . 
Crawford,  W.  A.  F.,  18,  Wentworth  I'laco,  Newcastle-on-Tyne 
Cross,  Wm.,  4,  Fcnham  'J'errace.  Newcastle-on-Tjne 
Cruddaa,  W.  D.,  Messrs.  Armstrong,  Mitchell,  k  Co.,  Elswick 

Cuevol,  John  L..  63.  Eldon  Street,  Newcastle  

Cummiua,  W.  E.,  Neptune  Engine  Works,  Low  Walker     ... 
Cutter,  W..  Mesafs.  Aimatrong,  Mitchell,  k  Co.,  Elsnick  ... 

Doeres,  T.  H.,  14,  De  Grey  Street,  Newcastle  

Dale,  Francis  Allen,  25,  Whicklmm  Street.  Monkwearmonth,  1 

derland       

Daliymple,  Wm„  Hawks,  Ciawshay,  £  Sons,  Qateshnd  ... 


...  Not.  IBBi 

(E)  Nov.  isa 

(S)  Nov.lM 

CE)  Feb.  tSj 

(E)  Feb.  m 

<E)  Nor.  ISe 

(E)  Not.  ISS 

(S)  Dec.  188 

CE)  Nov.  189 

CE)  Nov.  I8S 

CE)  Not.  Wt 

CE)  Feb.  188 

(E)  Not.  181 

CS)  Not.  m 

(E)  Not.  181 

<E)  Nov.  ISI 

(S)  Sot.  ise 

(S)  Nov.  I8f 

CE)  Not.  18( 

(E)  Nor.  18f 

CE)  Not.  1S8 

(E)  Feb.  188 

(FM)  May  IS91 

CE)  Nor.  m 

CS)  Not.  ism 

(SUR)  Nov.  ISI 

.      CE)  N'oT.  m 

.      CE)  Mar.  18) 

(E)  Dec.  181 

.      CE)  Mar.  18)  _ 

.      (E)  Not.  188|! 

.      CE)  Nov.  : 

.      (E)  Mar.  ISsrl 

.      (E)  Not.  ISuJ 
(E)  Dec  ISSS'l 


XIX 

ELECTSD. 

Dirling,  W.  J^  Lloyd's  Sairejor.  Leith        ^S)  April  18N7 

Oulej.  HeuT,  98,  FiTk  Rood,  KewcMtle (S)  Oct.   18«« 

Duner.  John.  Uesrs.  Short  Broe^  Pallion.  SundvrlaDd (S)  Nor.  18*^4 

DiTis,  P.  B,  11.  Sydenham  Terrace,  Newcjtftle-on-Tjnc (S)  Jan.  IRS'i 

Dirison,  John,  4,  Dean  Terrace  West.  Soathwick,  z^anderland    ...  (E)  Nor.  1884 

DatisoD,  John  W.,  1  be  Crescent.  Low  Fell,  Gateshead     (E)  Nor.  IS^^"* 

Dempey.  S.,  Wallaend  Slipway  and  Engineering  Co..  WalLscud  ..  (S)  Nov.  183^ 

Deiby,  J.  W.,  Messn.  J.  k,  G.  Thompson.  Clyde  Bank,  GUmj^ow    ...  (E)  Nov.  !884 

Hkk,  Francis,  SI,  William  Street,  iNt  rat  ford,  Loudon,  E (E)  Nov.  1886 

_  ,    ,      ,  ,,,     (Graduate,  May  ISbo 

Did^i]imn,F.T.,  Park  House,  Snnderland    (E)     1  „  .          ^^    ,„„^ 

^Member,    Oct.,  1880 

Dickinson.  James,  P^k  Honse.  Sunderland (E)  Nov.  18S4 

Dickinson,  John.  Park  House,  Sunderland (E)  Nov.  1834 

Dickinson,  W.,  Park  House.  Sunderland        (E)  Nov.  18s4 

Dixon-Brown,  L.  D.,  Unthank  Hall,  ^altwhistlc (S)  Nov.  IShO 

Dixon,  Frederick,  Hebbum  Villa,  Hebbum (^E)  Nov.  1881 

Dobeson,  N.  W.,  The  Teams,  Gateshead         ...                   (E)  Nov.  1884 

Dobeson.  T.,  The  Teams,  Gateshead (E)  Nov.  1884 

Donald,  James,  Pallion  Road,  Pallion,  Sunderland (S)  Nov.  1884 

Donovan,J.  W.,  4,  Elizabeth  Street.  Newcastle  Road,  Sunderland  (E)  April  1885 

Down,  T.  B.,  24,  George's  Road,  Elswick,  Newcastle-on-Tync      ...  (E)  Nov.  1h84 

DowKu,  Chas.,4.  Deckham  Terrace,  Mount  Pleasant,  Gateshead  (E)  Dec.  1885 

Doxfoid,  Charles,  D.,  Sashbrooke  Terrace,  Sunderland       (S)  Nov.  1884 

Doxford,  R.  P.,  Pallion  Engine  Works,  Sunderland            (E)  Nov.  1884 

Doi ford,  W.  T.,  Grinden  Hall,  Sunderlan      (S)  Nov.  1884 

DnkenbersT,  J.  A.,  Barrow  Shipbuilding  Co.,  Barrow-in-Furnens  (E)  Fel>.  isw; 

Dnckitt,  Jno..  Exchange  Buildings,  King  Street,  Newcastle         ...  (E)  Nov.  ]H8  4 

Dudgeon,  F.  8.,  112.  Fenchurch  Street,  London,  K.C (E)   Feb.  1hm5 

Dngdale,  W.  H.,  8,  Ridley  Villa«,  New  Bridge  Street,  Nuwcrastle  (E)  l>w.  1ks« 

Dykes,  James,  78,  Dilston  Road,  Newcastle-on-Tyne         (E)  May  Ihur, 

Eckmann,  John,  Sunderland  Engine  Works,  Sunderland (E)  May  18S5 

Edmiston,  Jas.  B.,  Ivy  Cottage,  Highfield  Koad,  Liverpool           ...  (E)  Nnv.  MHO 

Edwards,  O.  S.,  Northumberland  Shipyard,  Howdon          (8)  Nov.  1884 

Elliott,  Consitt,  4,  Suffolk  Street,  Sunderland          (E)  May   1885 

Engelbach,  Herbert  R,  Messrs.  Armstrong,   Mitchell,  k  Co.,  Elswick 

W OrKS            ...             ...            ...             ...             ...             ...             ...             •••  ^K^    XHOV.    1>J7V 

Evans,  Henry  A.,  lo,  Windsor  Terrace,  Gateshead (E)  Mar.  1887 

Evers,  G.,  Gcrmania  Werft,  Kiel,  Germany (8)  >ov.  1884 

Fainnan,  A.  E.,  23,  St.  Bede's  Terrace,  Sunderland (NA)  Oct.   1880 

Fairweather,  C.  W.,  Ernest  Scott  &  Co.,  Close,  Newcastle (E)  Ucc.  1880 

Farina,  A.  J.,  Oakwood  House,  Westmorland  Road,  Newcastle      ...  (E)  Nov.  1884 

Faiquharson,  R.  Nesham,  Old  Blundells,  Tiverton,  Devon (E)  Nov.  1884 

I  Graduate,  Nov.  1884 
Fisher,  John«  46,  Croft  Terrace,  Jarrow         (S)     Wg-^ij^,.     hoc.  1/^86 


,   rtasenld  J.  T.  G.,  81.  WlmncItSe  Street,  KewcaMle-cn-TTite  (E)  Sof. 

Fleming,  Claries  E^wDiiL  71.  BkwkkBaad.Neirasll&^m-Tjroc  (E)  Vot. 

rietcber,  James,  74.  Old  DnmbMKm  Bood,  Glaignw  (E)  Dec 

yUtebsr,  Rdtwrt.  W&Iker  Poise,  Lnv  WalkcT  <F  M)  D**. 

Fl(Ar,JaMii^33,  Blcl«aoeUie«,Klcctin,Geniittn)t (E)  Oct.   IftSfl 

rolej,  NelsMi.  Uot«I  BriUnniqiie,  Naples.  IXtXj      (E)  N'ov.  1834 

Forbea,  John, " BUdco  Enclada,"  Chiliui  XftT7,  TalpaniM         ...      (E)  Oct.    ISSo 

Fa«t«r,  O.  E^  23,  Holl?  Street,  Jsttow  ...         (E)  Jul.   1866 

FotcT.  Heiir7,  Kewbtmi  Steel  Worlu,  Kewbant      (E)  April  I8S5 

Fmhergill.  J.  R..  1,  Bathgate  TerratK,  West  Hartlepool      (E)   Mar.  IgM 

FowiiM,Heof7.TjneForgcCo.,IJniited.  Oaacbnrn, Newcastle  {F  M)  Not.  I8«4 

FtBiiki,  J.  P.,  MorU  Drj  Dock  k  EBgineering  Co.,  Ltd..  Sfdney,  N.S.W., 

At'itralia    ...  (E)  Jan.  ISas' 

Fnmeaitx,  J.  B.,  Victoria  Works,  Gateshead  ...         ..         ...      (E)  Nor.  188G 

FnnieM,  John.  24,  Falconar  Sirett,  Sewcastle-on-Tjne      (E)  Not.  1885 

Fane,  Fred.,  Hawthorn.  LesUe,  k.  Co.,  St.  Peter's (E)  April  188T 


I 


Oad,  0»c*r,  27,  Western  Hill,  Sanderland      (S) 

Gannawaj.H.G..  17,  Caroline  Street,  Jarrow  (S) 

Oarratt,  H.  A.,  c/o  Mts.  W.  Stewart,  Bosehill.  Waiington-on-  r  Graduate, 

Tyne (E)  1  Member, 

Garrett,  G.  H.,  R.  Stephenson  k  Co,  Bonlh  Street,  Newcastle      ...       (E) 
OibMn,  W.  F.,  14,  Alexandra  Terrace,  Hjlton  Road,  MillGcId,  SanOerlaDd 


Gibaon,  H.,  IB,  Stanslield  Street,  Monkweannouth  Sunderland     ...      (S) 

Oibaon,  W.  H.,  37,  Tatbacn  Street,  SunJerland        (E) 

Oilroy,  Thomas  R.,  Uessn.  Harland  &  WoM,  Belfast         (E) 

GlenoroB»,Thci9..  ll,Bje]iil!,NewcnHtlc«3n-Tjnc     (E) 

O'brer,  Terrot,  6,  Aialca  Terrace,  Sunderland  (E) 

Omham.  Edwin.  Mcssn.  Osborne.  Graham,  k,  Co.,  Hjlton,  Sanderland  (S) 

Graham,  Joseph,  32,  Broolilntid  Road,  Sunderland 

Gialuim,  Wm.,  Fonl  Lodge  West,  South  Hjllon,  Snnderland 
Girant,  John  Macphcrson.  63.  Westmorland  Goad,  Newcastle 
Oravoll,  John,  Cnatom  House  Coart,  Quay,  Newautle-on-Tyne 

Green,  W,  O.,  Mcsrs.  Palmer  ii  Co.,  Jorrow (Ej 

Oieen,  William,  Mesais.  R.  fc  W,  Hawthoni,  Leslie,  &  Co.,  St.  Peter's, 

Newca8tle-ou-TynB  (E) 

3reener,G.  W.,  110,  George's  Road,  Newcastle-on-Tyne    (E) 

Grey,  James        

Gricr,  Jas.,  1,  navenstown  Terrace,  South  Shields 

Griercs,  Bohort,  88,  Linskill  Tenace,  North  Shields  (S)    (  """^J""*^' 

(  Member, 

OQlit«i>,  A.,  So,  Holly  Avenae,  Jesmoitd,  Newcastle^n-Tyne        ...      (E) 


■  <S) 
.  (E) 
.(SUR) 


April  1B8S 
Nor.  1884 
Nov. 
Nor.  1880' 
Oct.  I8M 
Nor.  l&U 
Not.  188< 
Nor.  ISM 
Nor.  188a 
Feb.  188S 
Uur.  IBM 
Not.  IES4 
Nor.  1884 
Nor.  1881 
Not.  leSi 
Not.  1S84 
Not.  ism 

Oct.  I8SS 
Not.  1884 
Not.  1834 
Not.  1884 
Not.  1884 
Dec,  1868 
Dec.  18S4 


Hall,  Edward,  30,  Ellison  Place,  Jarrxiw 
Uftll,  J,  rorcy,  Hnyfleld  Villa,  .farrow 


(S)  Not.  183S 
(E)  Oct.    1885 


XLXOTCD. 

Hamilton,  R.  B.,  Boee  Cottage,  Willlngton  Quay     (E)  Nov.  1884 

Hamilton,  John,  81,  Charlotte  Street,  Carlisle         (E)  Nov.  1886 

Hansen,  F.  T.,  3,  Villa  Place,  Union  Lane,  Gateshead         (E)  Nov.  1884 

Harding,  J.  C,  14,  PUgrim  Street,  West  Hartlepool           (E)  Nov.  18S4 

Harkness,  Bichard,  Stephenson  Street,  Willington  Quay (S)  Nov.  1884 

Harlow,  P.,  135,  Portland  Road,  Newcastlc-on-Tyne  Nov.  1884 

Harman,  Bruce,  10,  Hamilton  Terrace,  West  Partick,  Glasgow    ...  (E)  Oct.   1886 

Harper,  J.  H.,  47,  Grey  Street,  Tynemouth  Road,  North  Shields  ...  (E)  Jan.  1885 

Harrold,  Alexander,  19,  Lawton  Street,  Newcastle-on-Tyne         ...  (E)  Nov.  1884 

Hartness,  J.,  East  Boldon,  near  Sunderland            (E)  Nov.  1884 

Haver,  Arthur  H.,  15,  Howarth  Street  South,  Hylton  Boad,  Sunderland  (S)  Nov.  1884 

Headlam,  Bobert,  5,  Edward  Street,  Stockton-on-Tees      (E)  Nov.  1886 

Hebden,  Sylvester,  77,  Westmorland  Boad,  Newcastle-on-Tyne   ...  (E)  Nov.  1884 

Heck,  John  H.,  Lloyd's  Begistry,  Aberdeen,  N.B (S)  Nov.  1885 

Henderson,  George,  54,  Westmorland  Boad,  Newcastle-on-Tyne  ...  (E)  Nov.  1884 

Henderson,  George,  29,  Hylton  Street,  Sunderland             (E)  Nov.  1884 

Henderson,  G.  B.,  23,  Holmside,  Borough  Boad,  Sunderland        ...  (E)  Nov.  1884 

Henderson,  Bobert,  11,  Hadrian  Boad,  Wallsend     (S)  Nov.  1884 

Hepburn,  Alex.,  Grosvenor  Place,  Jesmond,  Newcastle-on-Tyne  ...  (E)  Dec.  1885 

Hepple,  William,  Slipway,  North  Shields      ...  '      (E  $i  S)  Oct.   1885 

Hildrey,  A.  J.,  11,  Chester  Street,  Sunderland          (8)  Nov.  1884 

Hill,  Maxwell,  Messrs.  Palmer  &  Co.,  Jarrow,           (S)  Nov.  1884 

Hindhaugh,  C.  W.,  59,  Bedford  Street,  North  Shields         (S)  Nov.  1884 

Hindson.  William,  3,  Claremont  Park,  Gateshead (E)  Nov.  1884 

Hirst,  Bichard,  4,  Cleveland  Boad,  North  Shields (E)  Nov.  1885 

Hodge,  B.  F.  W.,  Messrs.  Schlesinger,  Davis,  k  Co.,  Wallsend      ...  (S)  Nov.  1885 

Hdk,  Wilhelm,  Deptford  Shipyard,  Sunderland       (S)  Oct.   1886 

Homji,  A.  C.  N.^  Gordon  Mills,  Byculla  Flats,  Bombay,  India     ...  (E)  Nov.  1884 

Hooper,  Ernest,  5,  John  Candlish  Boad,  Millfield,  Sunderland    ...  (E)  Nov.  1885 

Hopper,  B.  Ambrose,  Messrs.  M.  Pearse  Sr  Co.,  Stockton-on-Tees ...  (S)  Feb.  1886 

Howie,  James,  Gordon  Terrace,  Southwick,  Sunderland     (E)  Nov.  1884 

Hunter,  George  B.,  Messrs.  Swan,  Hunter,  &  Co.,  Wallsend          ...  (S)  Nov.  1884 

Hunter,  J.  W.,  36,  Blandford  Street,  Sunderland     (E)  May  1886 

Hunter,  Summers,  Bosehill  Terrace,  Howdon-on-Tyne       (E)  Nov.  1885 

Hunter,  Wm.  Gallon,  1,  Granville  Terrace,  West  Hartlepool         ...  (S)  Dec.  1885 

Hutchinson,  C.  W.,  52,  Westmorland  Boad,  Newcastle-on-Tyne  ...  (E)  Nov.  1884 

Huxham,  J.  L.,  14,  Clare  Terrace,  Falmouth            (S)  Nov.  1884 

Hymers,  Bichard,  197,  Norfolk  Boad,  Byker            (E)  Mar.  1887 

Inglis,  John,  Jun.,  Pointhouse  Shipyard,  Partick,  Glasgow          ...  (E)  Oct.  1886 

Inglis,  John,  ICama^  &  Ferguson,  Leith       (S)  April  1887 

Irwin,  J.  H.,  Sunderland  Engine  Works,  Sunderland         (E)  Nov.  1884 

James,  M.  C,  14,  Windsor  Terrace,  Gateshead         (S)  Nov.  1884 

Jamieson,  John,  Begent  Street,  Hartlepool (E)  Nov.  1885 

Jobling,  J.  C.  1,  Brandling  Place  West,  Newcastle-on-Tyne         ..  (E)  Nov.  1884 


mbud  Street,  Newcaatle-on-Tj^e 
John*™,  Oeoi^,  31.  Curoline  Street,  Jarrow 
.lohuaoii,  Jolin,  80,  Dock  Slreet  East,  Suoderlaiid    ... 
.lobnsan,  R.,  3,  Blanilford  Street,  Hundcrland 
.lolinsnn,  T.  Allau,  20,  Harley  Street.  flairowin-Fiim 


Jobiutone,    'Wlllini 
N.B 


<E  »  S  O)  Nov.  18S4 

...       CE)  Nov.  1883 

...      (S)   Uay  1883 

(S)  Nov.  1984 

...      (S)  Nov.  1881 


,    Hamilton    Tmrooe    Wert,    Tatriuk.    Glasgow, 
CSUR)  > 


T.  1884 


Kean,  James,  3,  Croft  Terrace,  Jarrow 
Keen,H.A.,T,  BiightonTcrmce.  CopUnd  Bind,  Gov 


Keenc.  H.  B..  a:..  Chnrtli  M 


t,  Pembroke  pouk 


Ee;.  Aleiiander,  Ucrsef  Chnmhers.  Liverpoul 
Kilvington,  W.,  North umltorl and  Engine  Worka,  Wallsend 
Kirkaldf,  John,  40,  West  Itidla  Dock  RM.d,  London 


...      (E)  Nov.  188* 

^w...      (E)  Jan.   1886 

J  l!rartnnl«.  May  ISfi.i 

I  Member.    April  1SST 

...(SUR)  Nov.  1881 

...      (E)  Nov,  1884 

...      tE)  Nov.  1835 


Laidley,  H.  W.,  18,  Claremont  Place.  Newcastle      (E) 

Lalng,  Arlhar,  Dcjif  ford  Yard,  Sunderland (S) 

Laing,  Jaa.,  Jun.,  Deptford  Yard,  Sunderland  (S) 

laing,  Jolin,  MesBTg.  U.  &  W.  Hawthorn,  Leslie,  Sc  Co.,  St.  Peter's         (E) 

larkin,  James,  East  Jarrow      (E) 

Leddicmt,  Frederick,  B,  Cromwell  Terrace,  Gateshead       (E) 

Lewis,  Henry  W.,  Llwynynhess,  Abercannid,  near  Slerthjr,  Glamorgan- 
shire, Wales (E) 

Lewis,  It.  A.,  Newbum  Steel  Works.  Newborn         

Liddell,  A.  n.,  S3,  Monnt  Pleasant,  Barrow-in-Fumcss       

Liddcll,  J.,  Messrs.  Denny  k  Co.,  Engine  Works,  Dumbarton 
Lindrom,  H,.  P.O.  Box,  7S3.  Norwalk  Comm.,  U.S.  America 

Livingston,  Thos.,  4.  St.  Jobn's  Terrace,  Jarrow      

Livingstone,  John,  35,  Grove  Street,  Nowcastle-on-Tyne 

Lobmeyer,  H.,  29,  Choppington  Street,  Elswick,  Newcastle 

Long,  A.  E.,  124,  Albert  Road,  Jarrow  

Lynn,  J.,  Bt.  Lnke's  Ungino  Works,  Sunderland      

Maccoy,  John,  7,  Beaumont  Street,  North  Shields ., 

Macdonald,  James,  jun.,  7,  Ciaremount  Street,  QlB«gnw 

Mace,  W..  2.13,  Albert  Road,  Jarrow 

Mac Uafflc,  John,  Cohoea.  New  York,  U.S.  America 

Hauoll,  D.  C,  14.  Connaaebt  Terrace,  Jarrow  

Manuel.  O.  W..  Fern  Bank,  Catford  Hill,  London 

Marlborough,  Kichard,  18,  Elgin  Street,  Sunderland  

Marr,  James,  S,  Ash  Place,  Sunderland  

Msrsbalt,  F.  C,  Mcssra.  R.  k  W.  Hawthorn,  Leslie,  li  Co,,  St.  Peter'i 

iiartball,  R.  J.,  32,  Marinen'  Cottages,  South  iShlelds       

Martens,  D.,  62,  Cent  Street,  Jarrow 

Uaslaglio,  W.  D.,  45,  niouooster  Street.  Newcaetle-on-Tyne 


April  11 


CE)  Nov. 

ISAl 

CS)  Noi- 

1881 

(E)  Nov 

1884 

(S)  Oct, 

18S6 

(S)  Nov. 

1834 

(E)  Nov 

1834 

(E)  Nov 

1834 

(S)  Nov 

1884 

CE)  Nov 

1834 

CE)  Feb. 

188B 

(E)  Deo 

1836 

CE)  Jan 

1836 

CE)  Dec 

18S5 

(S)  Noi- 

18S4 

CE)  Dee 

1835 

(S)  Nov 

1884 

(S)  Nov 

ISS4 

CE)  Nov 

1834 

CE)  Mar 

1887 

(E)  Mar 

ina? 

CE)  Nov 

188o 

xxiii 


Matthews,  A.,  The  Baths,  Blyth  (E) 

Matthews.  Jas.,  Messrs.  Hawthorn,  Leslie,  k  Co.,Forth  Banks,  Newcastle  (E) 

Maughan,  Wm.,  15,  Addison  Street,  Heaton (E) 

McDouall,  H.  B.,  118,  Park  Road,  Newcastle-on-Tjne       (E) 


McGIashan,  Arch.,  26,  Milton  Street,  West  Hartlepool      

McTlvenna,  J.  O.,  Myrtle  House,  Westoe  Lane,  South  Shields 
Mclntyre,  John,  3,  Abbotsford  Terrace,  Newcast'e-on-Tyne 
BIcKay,  Jno.,  Messrs.  R.  k  W.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's 

Menzies,  Wm.,  The  Side,  Newcastle-on-Tyne  

Blessenger,  Thomas,  2,  Clarence  F^wn,  Dover,  Kent  

Metcalfe,  C.  S.,  3S,  Frederick  Street,  Sunderland 

Metcalf,  J.  C,  22,  St  Vincent  Street,  Sunderland    

Millar.  Thos.,  28,  Wilberforce  Street.  Wallsend       

Milne,  W.  J.,  19,  Fisher  Street,  Walker         

Milton,  J.  T.,  Messrs.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's 

Mitchell.  Chas.,  Jesmond  Towers,  Newcastle-on-Tyne        

Moffat,  D.,  86,  Falconar  Street,  Newcastle-on-Tyne 

Mcffitt,  Robert,  13,  Grace  Terrace,  Sunderland       , 

Blorjj^an,  W.  H.,  1 17,  Denmark  Street,  Heaton,  Newcastle-on-Tyne 

Mork,  Paul,  3,  Hawthorn  Street,  Newcastle-on-Tyne         

Morison.  D.  B.,  9,  South  Orescent,  Hartlepool         

Morrison,  Jas.,  27,  Dilston  Road,  Newcastle-on-Tyne 

Morrison,  Robt.,  5,  Challoner  Terrace,  South  Shields         

Mowat,  John,  3,  Cooper  Street,  Monkwearmouth,  Sunderland     ., 
Mudd,  Thomas,  Central  Marine  Engine  Works,  West  Hartlepool 

Muir,  J.  M.,  Messrs.  Wigham  Richardson  &  Co.,  Low  Walker      

Muir,  Robert,  17,  Westmorland  Road,  Newcastle    (SUR) 

Myles,  David,  Neptune  Engine  Works,  Low  Walker         (E) 


.  (S) 
.  (S) 
.(SO) 
(E) 
.  (E) 
.  (E) 
•  (E) 
(SUR) 
.  (S) 
.  (S) 
.  (E) 
.  (S) 
.  (E) 
.  (E) 
(E) 

.      (E) 
..      (E) 

•  •  •  •  • 

.      (E) 
.      (S) 

(E) 


■LBOTBD. 

Not.  1864 
Oct.  1886 
Mar.  1887 
Nov.  18S4 
Nov.  1885 
Nov.  1884 
Jan.  1885 
Nov.  1884 
Nov.  1884 
Mar.  1887 
Nov.  1884 
Nov.  1884 
Nov.  1884 
Nov.  1884 
Nov.  1886 
Nov.  1884 
Nov.  1884 
Dec.  1885 
Nov.  1884 
Nov.  1884 
Feb.  1886 
Nov.  1884 
Nov.  1886 
Nov.  1884 
Mar.  1886 
Nov.  1884 
Oct.  1886 
Nov.  1884 


Nance,  A.  J.,  1 4,  Stacy  Road,  Routh,  Cardiff 
Napier,  W.  E.,  129,  Park  Road,  Newcastle    ... 

Newton,  W.  A.,  Broughton  Road,  South  Shields 


•  ••  ...  v""y 

(E) 

_      /Graduate, 


Member, 

Nichol,  B.  G.,  49,  Leazes  Terrace,  Newcastle-on-Tyne       (E) 

Nichol,  Thos.,  60,  Ripon  Street,  Monkwearmouth,  Sunderland        (SUR) 
Nicholson.  W.  E.,  Messrs.  Nicholson  Bros.,  Boiler  Makers,  Hebburn    (E) 

Nicol,  John  M.,  10,  Linskill  Place,  North  Shields (E) 

NicohEius,  Julius,  Messrs.  Harland  &  Wolff,  Belfast,  Ireland         ...       (E) 

Nicolson,  J.  T.,  20,  Thirlstane  Road  E.,  Edinburgh  (E) 

Norman,  W.  S.,  Tyne  Pontoon  and  Dry  Docks  Co.,  Low  Walker  (E) 

Noton,  F.  R.,  32,  Azalea  Terrace,  Sunderland  (S) 


April  1887 
Nov.  1884 
May  1885 
Oct.  1886 
Nov.  1884 
Nov.  1884 
Nov.  1884 
Nov.  1884 
Nov.  1884 
Nov.  1884 
Nov.  1884 
Nov.  1884 


O'Neil,  J.  J.,  23,  Howard  Street,  Sunderland 
Ozley,  G.,  Station  Road,  Howdon 


(E)  Nov.  1884 
...  Nov.  1884 


Parkin,  Rd.,  Messrs.  Donkin  &  Nitchol,  St.  Andrew*s  Works,  Gallowgate, 

Newcastle (E)  Nov.  1884 


Pattetwin,  JiUi.,Theaieen,  WnllBead 

Pattteon,  Jos.,  2,  Cburch  TormcB,  Wnllseud 

PaulBon,  John,  85,  Tjneaiontli  Road,  Heaton,  NeweiMtle  ... 
Pearson.  Jamea  Jobii,  22,  Milton  Street,  Newcastle- on -Tjnc 

Penny,  A.  W.,  GO,  Percj  Eoad,  Whitley        

Penny,  R.  U.,  l.i,  Aialca  Terrace  Siouth,  Sunderland 
Petree,  James.  34,  HarrLnon  Street,  Bairow-in-Fnmess 
Pbillipson.  SI.,  12,  Dame  Dorothy  Street,  Sunderland 

Phi  llipson,  Roland,  Tynemouili  

PhUlips,  Walter,  3,  West  Grove  Terrace,  Greenwich,  London 

Phonon,  P.,  88,  Boker  Avenue,  Sunderland 

Pickering,  Thos.,  2S,  Ford  Street,  Sunderland  

Pitcher,  F.  J.,  3,  City  Buildings,  Old  Hall  Street,  Liverpool 
Plllfng,  J.,  II,  Rosslyn  Terrace,  Chester  Road,  Sunderhind 

PlewB,  0.  W„  Elswiei  Ordnance  W<.rkB.  Elswitk 

Plotniuki,  E.  C,  10,  West  Percy  Street.  North  Shieliis      ... 
Potta.  John  (Jeorne,  9,  Gladstono  Street,  Sundertand 

Potls.  T,  T.,  2,  Sonth  Cliff,  Rriker,  Sunderland         

Price,  John,  6,  Osbomo  ViUaa,  Jesmoud,  Newcastle- on -Tyne 

Prince,  Alfred,  Kent  Tilla,  Jarrow     

Pryor,  Benjamin,  20,  Lawton  Street,  Newcastle-ou-Tyne  ... 

Purdy,  A.  J.,         

Pnrrea,  David.  Lloyd's  Uegistty,  White  Lion  Court,  London 

Purvis,  John,  I,  Brou^hton  Road,  South  (Shields      

l^ltnam,  T.,  Darlington  Forge,  DnrlUiBton 

Putnam,  William,  Darlington  Forge,  Darlington     

Bftc,  John,  J.  Grey  Street,  Glasgow,  N.B 

Bamage,  J.  T.,  The  Hawthorns,  Leith,  N.B 

Ramsay,  W.  O.,  10,  Stanhope  Road,Trne  Dock       

Itanuay,  C.  W..  Homsborg.  L^ungby,  Sweden 

Rftnkine,  Jno.,  21,  Payne  Street.  Nirth  Shields       

Keadhead.  Jaa.,  Argyle  Terrace,  South  Shields         

Keadhead,  K.,  Sea  View,  South  Shields  

Ueodhcnd,  John,  18,  Thomas  Street,  South  Shields 

Bedhead,  John,  il.  Spring  Street,  Darrow-in-Fnmess 

Keadhead.  W.  B.,  Sea  View,  Sonth  Shields 

Rcndhead,  John,  Jun.,  J.  Rcadhcail  k  Sons,  South  shields 

Reed,  J.  W.,  Palmer's  Shipbuilding  Co.,  Jarrow      

Heed,  T,  A.,  I,  St.  John'*  Terrace,  Jarrow      

Kendal,  L.  J.,  fil,  Westmorland  Road,  Newcastlc-on-Tyne  ...      (E) 

Bennoldson,  C,  care  of  Messrs.  J.  P.  Rennoldaon  k  Sons,  South  Shields  (S) 
Bennoldson,  Jos.  M.,  Messrs.  J.  P.  Reonoidaon  k  Sons,  South  Shields  (S) 
Beynotds,  W.  O.,  17,  Ashfietd  Terrace  East,  Newcostle-on-Tyne  ...      (E) 

Richardson,  Wigham.  Neptune  Works,  I^w  Walker  (S) 

Ridley,  J.  C,  8,  Bummerhiil  Grove,  Newcastlc-on-Tyne     (E) 


(£) 

Nov. 

18H4 

(E) 

Nov. 

ISBl 

(S) 

Feb. 

1S8S 

.     CE) 

Feb. 

1838 

.     CS) 

Nov. 

16S4 

(S) 

Nov. 

1884 

(S) 

Oct. 

18!?5 

(E) 

Nov. 

1894 

CE) 

Dm. 

1884 

■      (E) 

Oct. 

188fi 

■      (S) 

Nov. 

1884 

Nov 

1884 

.      CS)  ApriliaST 

Nov 

1884 

.      (E) 

Nov. 

1884 

(E> 

Nov 

IS8G 

.      tE) 

Nov 

1884 

■      (E) 

Jan. 

1886 

.      (S) 

Nov. 

18S1 

.       IE) 

Nov 

188* 

Nov 

1885 

Nov 

1SS4 

(SUR) 

Dec, 

lfi83 

■     (E) 

Dec. 

I88fl 

.(FM) 

Nov 

1884 

.(FM) 

Nov 

1984 

.      (E)  April  188G 

.      (E)  Aprill887 

.      CE) 

Mar 

1897 

Nov 

1884 

.      CE) 

Nov 

1884 

.     CS) 

Nov 

1984 

(E)  Nov 

1884 

.     CE) 

}Iar 

1889 

-     CE) 

Feb 

18BB 

..      (S) 

Nov 

1896 

..      (E) 

Mar 

1888 

.     CE)Nov 

1884 

..CCE) 

Mar 

1837 
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Ridley,  J.  H.,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's  (E) 
Riplej,   P.  £.,   Messrs.  Ransomes,    Sims,  &  Jefferies,  Orwell  Works, 

jpSWiCll         •••           •••           •••           •••           •••           •••           •••           •••  V    / 

Ritson,  M.,  3,  Mowbray  Terrace,  Sanderland          (E) 

Robinson,  B.  A.,  5,  The  Knoll,  Sunderland              (E) 

Robeon,  John  H.,  Gallowgate  Baths,  Newcastle-on-Tyne (E) 

Robson,  J.  M.,  care  of  W.  Whyte,  b,  Lombard  Street,  Newcastle...  (E) 

Robson,  M.,  4,  Dock  Street,  Monkwearmouth,  Sunderland          ...  (S) 

Robson,  Arthur,  J.  Blumer  5c  Ck>.,  Sunderland         (S) 

Robson,  Thos.,  14,  Richmond  Crescent,  Bamsbury,  London,  N.    ...  (S) 

Ropner,  Robert,  jun.,  Preston  Hall,  Stockton-on-Tees       (S) 

Rowan,  Jas.,  231,  Elliott  Street,  Glasgow (E) 

Rowell,  O.  W.,  22,  Durham  Street,  Newcastle-on-Tyne     (E) 

Rowell,  H.,  Jesmond  Gardens,  Newcastle-on-Tyne 

Roylance,  E.  H.,  E.  Scott  5c  Co.,  Close,  Newcastle-on-Tyne         ...  (E) 

Rusden,  L.,  11,  Mistletoe  Road,  Jesmond,  Newcastle-on-Tyne  (E) 

Rutherford,  T.  A.,  c/o  Messrs.  Harland  k  Wolflf,  Belfast (S) 

Rutherford,  G.,  Wallsend  Slipway  Co.,  Engine  Works,  Cardiff    ...  (S) 

Ryder,  C.  L.,  68,  Fern  Avenue,  Newcastle-on-Tyne (E) 


SLSCTKU. 

Nov.  1884 


Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Dec. 

Nov. 

Feb. 

Nov. 

Feb, 

Nov. 

Dec. 

Nov. 

Nov. 

Oct. 

Oct. 


1884 
1884 
1884 
1885 
1884 
1884 
1886 
1886 
1886 
1886 
1885 
1884 
1886 
1884 
1884 
1886 
1886 


Salmon,  P.,  St.  Bede*8  Park,  Sunderland       (SUR) 

Sanderson,  J.,  31,  Park  Road,  Jarrow  (S) 

Sandison,  M.,  34,  Park  Road,  Newcastle-on-Tyne (E) 

Sawyers,  John,  Thos.  Wilson,  Sons,  &  Co.,  Hull       (E) 

Schaeffer,  A.  G.,  38,  Eldon  Street,  Newcastle-on-Tyne      ^.        ...      (E) 

Scotson,  Alf.,  10,  Holmside,  Sunderland       (S) 

Scotson,  Wm.,  66,  Osgathorpe  Road,  Sheffield         (E) 

Scott,  Ernest,  Close  Works,  Newcastle-on-Tyne       (E) 

Scott,  Wm.,  6,  Osborne  Terrace,  Newcastle-on-Tyne  

Scorer,  G.  S.,  Messrs.  T.  5c  W.  Smith,  North  Shields  (S) 

Seabury,  Edward,  40,  West  India  Road,  Limehouse,  London,  E.  (E) 

Shand,  H.,  41,  Grosvenor  Place,  West  Jesmond,  Newcastle         ...      (E) 

Sharer,  E.,  Shipyard,  Pallion,  Sunderland (S) 

Sharp,  A.  E.,  Albert  Terrace,  Jarrow (E) 

Sharpe,  W.  L.,  3,  St.  Nicholas'  Buildings,  Newcastle  ...  (SUR) 

Shaw,  Jas.,  24,  Blyth  Terrace,  Gateshead      (E) 

Sheppard,  W.  O.,  Pottery  Lane,  Newcastle-on-Tyne  (E) 

Shevill,  W.  H.,  Avenue  Terrace,  Sunderland  


Shiells,  Jas.,  22,  Tunstall  Vale.  Sunderland  ... 


(E) 


Shilston,  Thomas,  14,  Went  worth  Place,  Newcastle-on-Tyne 
Shotten,  John  W.,  36,  Heaton  Park  Road,  Newcastle 

Short,  J.  Y.,  49,  West  Sunniside,  Sunderland  

Short,  Jos.,  49,  West  Sunniside,  Sunderland 

Sievewright,  G.  W.,  6,  Radcliffe  Terrace,  Hartlepool 


{Graduate, 
Member, 
(SUR) 
(SUR) 
...      (S) 

...      (S) 
...      (S) 


Sinclair,  R.,  care  of  J.  R.  C.  Sinclair,  Esq.,  2,  West  Quay,  Greenock    (E) 


Nov. 

Nov. 

Dec. 

Oct. 

Nov. 

Feb. 

Nov. 

Nov. 

Nov. 

Jan. 

Mar. 

Nov. 

Oct. 

Nov. 

Nov. 

Jan. 

Mar. 

Nov. 

May 

Oct. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

D 


1884 

1884 

1884 

1886. 

1884 

1887 

1884 

1884 

1884 

1885 

1886 

1884 

1886 

1884 

1884 

1885 

1887 

1884 

1885 

1886 

1885 

1886 

1884 

1884 

1886 

1884 


SlnUD,  John  K.,  T,  OTasmcrc  Terrace,  UalcaUcml (E)  Kov,  188S 

Siatereon,  G,  R.,  247,  Hamilton  Street.  XewcasUo-on-Tync  ...      (E)  Nov.  1884 

Sjegren,  H..  Kockum's  Mekdmislia,  Verkatod,  Ualmo,  Sweden     ...      (S)  Nov.  1884 

Smith,  Eustace,  fi,  Queen  Street.  Newcastlcou-Tyne         (S)  Nov.  1884 

Smith,  J Nov.  1884 

Smith,  B,  J.,  2,  West  I-ftvi-n,  SunJerlnnd (E)  Not.  1884 

Rmilh,  Thomas  Eeiwftnl,  Mcesre.  John  Smith  &  Sons,  Neivgnte  Street, 

Newcastle-on-Tyne  (E)  Aimll885 

Bmitli,  Wm.,  El,  Dock  Street  East,  Simdetland      (E)  Nov.  18?4 

i,  Nabor,  Counitato  Pei  Designs  delle  Nnvi  Miuistcro  dills  Msrina, 


Koma,  Italj 

Boulshj,  J.  0.,  2,  atacj  Eaad,  Carrliff  

Speucer,  John  C,  W'albottlu  Uslt,  near  Ncu'outlc-oii-Tjne 
Spencer,  J.  W.,  Newburu  Sttel  Works,  Newhurn    — 
Spencer,  It.  E,  E.,  4,  MslvGra  Street,  Nowcaat1c-on-Tyne  ... 
Spencer,  Ealph,  Newbura Steel  Works,  Newc*atIe-on-ryue 

Spiers,  Jsmea       

Btaflonl,  William,  Duaatoa-on-Tyne 

Stephenson,  C,  i,  Monnt  Stuart  Sqnaro,  Cardiff     

Stevenson,  Wm..,  35,  Argylc  I'laco,  Partiek,  Gla5gow 


CE) 


Stevenson,  R.       

Stiizater,  J.  C.,  Fenham  House,  Brighton  Grove, 

Stokoe,  Thomas,  I,  Lower  Archer  Street,  West  Hartlepool 

Stone,  Wm.,  13,  Roeslyn  Terrace,  Suuderlitnd         

Btuarl,  Q.  W..  TO,  Coronation  Street.  Sunderland 

Stubbings,  James,  ConiMH,  Sunderland        

Sortecs,  R.,  Meaars.  R.  L  W.  Bawibom,  Leslie,  k  Co,,  St.  Peter' 
Sutton,  James,  GS,  Pork  Road,  NewcaBtle-on-Tyue 


CS)  Jan.  188B 

(SUR)  Nov.  ISBG 

(I  k  S  M)  Dec.  1883 

...      CE)  Feb.   1885 

...      CE)  Nov.  1884 

...      (E)  Oct.   1886 

Sov,  1884 

...  (E)  Nov.  1885 
...  (S)  Nov.  1S84 
...  (E)  Nov.  1884 
f  Gnidu6le,  Mar.  1888 
(.Member,  Oct.  18SG 
(E)  Nov.  1884 
...      (S)  Dec.  1883 

Nov.  1884 

Nov,  1884 

(E)  Nov.  1 


Bntton,  Jos.,  US,  Park  Eoad,  Newcastle  .on -Tyoc 


(E) 


...  (S)  Jan.  less 
/Graduate,  Uor.  1830 
iMember,    Oct.   1886 


BivainBton,  Wm.,  Rokoby  Street,  SI.  Mury's  Road,  Bnnderlond     ,..  (E)  Nov, 

Swan,  H.  F.,  North  Jesmond  House,  Newcastle -on- Tyne (S)  Nov.  1884 

Swan,  Thomas,  132,  Ellison  Stieet,  Jarrow Nov.  1884 

Swinburne,  II.  W„  IIT,  Park  Road,  NcwcMtle-on-Tyne    (E)  Nov, 

Swinburne,  William,  111,  Turk  Road,  Nowmstle-upon-Tjne        ...  (E)  Mar.  1836 

Bwinbame,  T.  M.,  Bewick  Road,  Gateshead (E)  Jan.  1885 

Swintoji,  A.  A.  Campbell,  43,  Grove  Street,  Newcastle-upon-Tyne  (E')  Nov.  188 1 


Tate,  Chas.  H„  7.  Side,  Newoa-iile-on-Tyne (N  A)  Nov.  1 

Tatham,  Stanley,  Hawks,  Crawshay.  &  Soob,  Gateshead (E)  Feb.   1S87 

,  TajIoT,  Alexander,  Queen  Street,  Qoayside,  Newcaatle-on-Tyne  (E)  Nov.  1 

Taylor,  C.  W.,  Thomewil! and  Warham,  Burton-oa-Trent  ...      (E)  Aprill895 

Tft.vlor,  J.  E.,  13,  Exchange,  Plymouth  ,..         (SUH)  Nov. 

Taylor,  Tom  Henry,  IT,  MeldonTerracu,  Heiilon,Ne«-ciwlle       ..       (E)  Oct.  1885 
Thompson,  C.  B.,  J.  L,  Tliompson  k  Sons,  Sunderland       (S)  Nov.  ISSl 


XXVIl 

KLECTED. 

Thompson,  John»  Post  Office  Chambers,  Newcastlc-on-Tyne        ...  (E)  Nov.  1884 

Thompson,  J.  E.,  Thornhill  Park,  Sunderland         (S)  Nov.  1884 

Thompson,  J.  L.,  Jun.,  North  Sands,  Sunderland     (S)  Nov.  1884 

lliompson,  Nicol,  32,  Lawton  Street,  Newcastle-on-Tyne (S)  Nov.  1884 

Thompson,  Robert,  North  Sands,  Sunderland          (S)  Nov.  1884 

Thompson,  R.  C,  Messrs.  Thompson  k  Sons,  South  wick,  Sunderland  (S)  Nov.  1884 

Thompson,  Charles,  9,  Dean  Street,  Newcastle-on-Tyne (E)  Feb.  1887 

Thompson,  Jas.,  11 ,  Elmwood  Street,  Sunderland (E)  Dec.  1886 

Thorn,  W.  H.,  5,  Waterville  Terrace,  North  Shieltls            (E)  Nov.  1884 

Tinn.  Fred.  D.,  5,  Hawthoni  Terrace,  South  Shields          (S)  Nov.  1886 

Todd,  Surtees,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co.,  Uebburn  (S)  Nov.  1884 

Todd,  Thomas,  20,  Billiter  Street.  London,  E.C (E)  Nov.  1885 

TGraduate,  May  1885 
Toomer,  C.  R.,  26,  North  View,  Heaton,  Newcastle  (E)     1  „     ,         „  /  ,  ^„, 

'  ^   ^     Ulember,    Feb.  1887 

Trewent,  F.  J.,  Messrs.  Swan  &  Hunter,  WalIsend,or  9,  Northumberland 

Terrace,  Tynemouth         (S)  Dec.  1884 

Tritton,  S.  B.,  Assistant  Locomotive  Superintendent,   Eastern  Bengal 

State  Railway,  Kanchrapara,  Calcutta,  India  (E)  Nov.  1884 

Tumbull,  T.  W.  H.,  17,  Monk  Street,  Monkwearmouth,  Sunderland         (E)  Nov.  1 884 

Turner,  S.  J.,  86,  Addison  Road,  Heaton        (E)  Mar.  1887 

Tweddell,  R.  H.,  14,  Delahay  Street,  Westminster,  London,  8.W.  (E)  Jan.  1885 

Tweedy,  J.,  Neptune  Works,  Low  Walker     (E)  Nov.  1884 

UUstrom,  Otto,  c/o  Messrs.  Raylton,  Pixon,  &  Co.,  Cleveland  Dockyard, 

Middlesbio'  (S)  Nov.  1884 

Ulm,  John,  Marine  Casino,  Pola,  Austria (E)  Nov.  1885 

Vercoe,  Jas.,  3,  Aubrey  Place,  Sunderland     (SUR)  Nov.  1884 

Vianson,  N.  E.,  via  Galeazzo  Alessi  6  into  1,  Genoa,  Italy  ...      (E)  Doc.  1885 

Wailes,  E.  P.,  8,  Lombard  Street,  Newcastle-on-Tyne        ...  (SUR)  Nov.  1884 

Walker,  Archibold,  147,.CoDstitution  Street,  Leith,  N.B (E)  April  1887 

Walker,  G.,  Messrs.  Armstrong,  Mitchell,  &  Co.,  Elswick (E)  Nov.  1884 

Wallau,  J.,  Messrs.  Black,  Hawthorn,  &  Co.,  Gateshead     (E)  Nov.  1884 

Walliker,  J.  F.,  6,  Lovaine  Terrace,  North  Shields  (E)  Nov.  1885 

Walton,  F.  W,,  Eastbourne  Avenue,  Walker  (S)  Nov.  1885 

Walton,  J.  G.,  26,  Fenchurch  Street,  London,  E.C.  (E)  Nov.  1884 

Warburton,  J.,  16,  Elmwood  Street,  Sunderland     Nov.  1884 

Warren,  Wm.,  Southwick  Engine  Works,  Sunderland       (E)  Nov.  1884 

Watt,  Adam,  11,  Salem  Hill,  Sunderland Nov.  188 1 

Watts,  Philip,  Blswick  Shipyard,  Newcastle-on-Tyne       (S)  Nov.  18S5 

Waugh,  G.  W.,  Monkseaton,  near  Newcastle-on-Tyne       (E)  May  1885 

Webster,  R.  S.,  Dene  Cottage,  Walker-on-Tyne       (S)  Nov.  1884 

Weighton,  R.  L.,  Messrs.  R.&  W.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's  (E)  Nov.  1884 

Weir,  John,  Messrs.  Ramage  &  Ferguson,  Leith       (E)  Nov.  1884 

Welch,  W.  B.,  Brighton  Grove,  Newcastle-on-Tyne  (S)  Nov.  1884 


Woatsnrth.  Tom,  Weaignrth,  En^tisli,  4:  Co.,  Middlcsbro'-on-l 

Wostmaoott,  P.  0.  B.,  Elswick  Works  

West,  Henry  H.,  14,  Castle  Street,  Liverpool  

Wliamer,  J.,  Weatbonrne  Avenue,  Walter-on-Tync 

White,  C,  13,  Mosley  Street,  Newcastle.on.Tjne    

White,  R.  S.,  Messrs.  Armstrong,  Mitclioll,  &  Co.,  Low  Walker 
Whyte,  Wm.,  Lombard  Street,  Newcastle-on-Tyne 
WiddttB,  T.  D.,  03,  Belgrave  Street,  Aigbnrth  Road,  Liverpool 

WiliB,  John  W.,  123,  Clifford  Btieel.Byker 

Wilkie.  J.,20,  Qilaland  Street  South,  Sunderland 

Wilkinson,  J.  J.,  Ifi,  North  Tcrnice,  Ryton-on-Tync 

Willcox,  F.  W.,  4.'>,  Sunniside  West,  Sunderland      

Williama,  J„  S,  Azalea  Terrace,  Suniicrlaml 

Williami,  T,  R.,  120,  Albert  Terrace,  Jarrow  

Williamson,  Bobt.,  3,  St,  Nicholas'  Buildings,  Newcastle-on-Tyne  (SUR) 

Willis,  Jos.,  78,  Goaforth  Street,  Monkwearmouth,  Sunderland    

Wilson,  James,  100,  Brougham  Terrace,  West  Hartlepool (E] 

IQradnatc, 
Member, 
Wilson,  0.,  4.  PuUion  Koad,  Bishopwcarmouth,  Sunderland         ...      (E) 

Wilson,  B.  D.,  IT,  Hawthorn  Street,  Newcastle-on-Tyne (E) 

Wilson,  T,,  Wallsend  Slipway  and  Engineering  Co.,  Wallsend      ...      (E) 

Wilson,  William,  2B,  Park  Bead,  Newcaslle-on-Tyne  (S) 

Winslanley.  P.  D.,  Messrs.  Armstrong,  Mitchell,*:  Co.,  Elswick      ...      (E) 

Withy,  H.,  Middletflu  Shipyard,  West  HaMIepool  (S) 

Wright,  B.,  35,  Westmorland  Road,  Newcnstle-on-Tyne 


Not.  1884 
Nov.  1884 


Wilson,  J.  T.,  825,  Walker  Road,  Kewcastlc-on-Tyne 


(E) 


...  <E) 
...  CN  A) 
...     (D) 

...     (E) 

...  (S)  Nov.  1884 
...  (E)  Nov.  1884 
(SUH)  April  1886 

...    (S)  Nov.  isse 

...      (E)  Nov.  18S4 

...      (E)  Nov.  1884 

...      (E)  Not.  1884 

(SUR)  Nov.  1S84 

CS)  Not.  188* 

Not,  I88S 

Not.  1S84 

Feb.  1886 

April  1886 

Feb.  1886 

Nov.  1884 

Nov.  1886 

Nov.  1884 

Oct.    1686 

Not.  1884 

Not.  1884 

Hot.  1384 


mger,  R.,  Viotoria  Villa,  Hcat^n,  New  castle-on -TjTic 


Zoltx,  A.,  48,  Harrison  Streel,  Harrow-in- Fumess     .,, 
Zimmermann,R.,  Villa GcmianiH,aaardcn  hei  Kiel,  Germany 


(E)  Nov.  1884 
(S)  Not.  1884 


ASSOCIATES. 

Alldin,  William  R.,  Akenside  Tills,  Newcastle        (A)  Deo.  1886 

Barwiek,  J.  S.,  Ashbrook  Omi^e,  Sunderland  (S  O)  Nov.  1684 

Beckingham,J.H.,HeGBrB.  Scott  Brothers,  Dean  St.,  Newcastle     ...(SO)  Nor.  1884 
Boyd,  Robert,  Mesara.  Ilannay,  Boyd,  &  Co.,  Quay,  Newcastle      ...  {S  O)  Nov.  1884 

Briggs,  R.  G.,  Moorlands,  Sunderland  (S  O)  Dec.  1S8G 

Browne,  John  L.,  Thornhill  Gardens,  Sunderland (SO)  Dec.  1886 


Brunton,  John,  3,  Prior's  Terrace.  Tynemoutb 


Carr,  Ral]ih,  3,'i,  Claremont  Place,  Newcastle 
Coull,  John,  43,  Stanley  Struct  West,  North  Shields 


...(S  O)  Ocl. 


(A  li  S  O)  Ni>v.  1886 
...(S  0>  Oct.   1686 
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Craren,  John,  The  Cloisters,  Sunderland       (R  M)  Dec.  1886 

Cullifoid,  J.  H.  W.,  Sunderland (S  O)  Nov.  1884 

Ounford,  T.  6.,  Messrs.  Elliott,  Lowrey,  &  Dnnford,  Lombard  Street, 

Quay,  Newcastle-on-Tyne  (SO)  Nov.  1884 

Fisher,  Jos.,  Messrs.  Fisher,  Renwick,  Sc  Ck).,  Quay,  Newcastle  (S  O)  Nov.  1884 

Foster,  Herbert-le-Neve,  Palmers  Steel  Works,  Jarrow     (S  Nt)  Oct.   1886 

Gjemre,  Lauritz,  o.  King  Street,  Newca8tleK)n-Tyne         (SO)  Mar.  1886 

Grade,  J.  L.,  53,  Percy  Park,  Tynemouth      (S  O)  Jan.  1885 

Green,  F.  W.,  14,  Monk  Street,  Monkwearmouth (A)  Nov.  1884 

Greenwell,  Thos.  G.,  Sunderland         (SO)  Dec.  1886 

Hedley,  John  H.,  10,  Esplanade  West,  Sunderland (S)  Dec.  1886 

Heslop,  Richard  O.,  Akenside  Hill,  Newcastle^n-Tyne     ...      (I  lb  S  M)  Oct.   1885 

HoUis,  H.  E.,  16,  Stanwick  Street,  Tynemouth         (lib  S  M)  Feb.  1885 

Hudson,  Ralph  M.,  Jun.,  8,  The  Cedars,  Sunderland  (SO)  Dec.  1886 

Hunting, Charles,  Jesmond  Dene,  Newcastle-on-Tyne       (S  O)  AprilI886 

Lowrey,  E.,  Messrs.  Elliott,  Lowiey,  &  Dunford,  Quayside,  Newcas- 
tle-on-Tyne...        (SO)  Nov.  1884 

Maughan,  William,  Westmorland  Road,  Newcastle (A)  Feb.  1887 

McNabb,  Thos.,  CaiFs  Buildings,  Quayside,  Newcastle       (SO)  Nov. 

Milbum,  J.  D.,  Queen  Street,  Newcastle-on-Tyne (S  O)  Nov.  1884 

Miller,     T.     R.,    c/o    Messrs.     Lamplough     &     Co.,     72,     Comhill, 

London        (A  lb  S  O)  Nov.  1884 

Mudd,  John,  Castletown  Rolling  Mills,  near  Sunderland  ...       (I  lb  S  M)  Nov.  1884 
Mulherion,  G.  F.,  Phillipson  Street,  Willington  Quay        (A)  Nov.  1884 

Newby,  S.,   Messrs.  Thomson  &  Newby,   13,   Bridge   Street,  Sunder- 
land        (I  lb  S  M)  Nov.  1884 

Osboume,  Jas.,  Hylton,  Sunderland (S)  Jan.  1885 

Patterson,  John,  28,  Belgrave  Terrace,  Newcastle-on-Tyne  ...      (A)  Feb.  1885 

Patterson,  Thos.,  6,  Argyle  Square,  Sunderland       (S)  Jan.  1885 

Pattison,  W.  J.,  Quayside,  Messrs.  Hunting  &  Pattison,  Newcastle  (S  O)  April  1886 

Perry,  Edwin,  King  Street,  Newcastle-on-Tyne       (A)  Nov.  1885 

Pinkney,  D.  G.,  Shipowner,  Sunderland        (SO)  Dec.  1886 

Pinkney,  Thomas,  Creswell  Villa,  Sunderland         (SO) 

Potts,  E.  S.,  6,  The  Brae,  Western  Hill,  Sunderland  (A)  Dec.  1885 

Ramsay,  J.  W.,  Newburn  Steel  Works,  Newbum     (A)  Feb.  1885 

Rcichwald,  A.,  Lombard  Street,  Newcastle-on-Tyne  (A)  Nov.  1884 


EeM.  Andren-,  Printer,  Akensidc  HU!,  Newcastle-on-Trne            Nov.  I88t 

Benwick,  Q.,  Mesare,  Fisher,  Renwick,  &,  Co.,  Newcastle-on-Tyne   (S  O)  Nor.  188* 

Roberts,  O.,  Baltic  Chnrobera,  Qnayside,  Sewcastle-oa-Tyno        ...  (S  O)  Not.  IS8* 

Kobson,  Tho9.  28,  North  Bridge  Street,  Sanderland            (S  O)  Not.  1884 

Eoche,  W.  M.,  2,  Thornliill  Gnrdens,  SondctUad      (S  O)  Nov,  1881 

Sanderson,  John,  9,  The  Elma,  BanderlBod :         ...(S  O)  Dec.  18SS 

PcboltaeW,  A..  1,  St.  Nioholas'  Buildingtj,  Neweastle-on-Tyne        (S  O)  Nov.  1881 

Scott,  W,  H.,  Mesars.  Se^tt  Brothers,  Deau  Street.  Newcaslle             {S  O)  Nov.  1881 

Snowbal!.  T.,  Ci^wp_ Building,  Side.  Newenatle-on-Tjnc        ...{I  !■  S  M)  Nov,  1884 

Snowdon,  W.  r,,  Saltere  Road,  Goaforih        (E)  Dec.  18Sfi 

Bpeeiling,  Jamea,  Boker  House,  SunderUnd             (R  M)  Dec.  1886 

Stephens,   D.,  Hesara.  Stephens,   Uaivson,  i^  Co.,  Guildhalt  Chambers, 

Qnaj,  Newcostle-on-Tyne,  oi  20,  Oeborue  Avenue,  Jesraood    (S  O)  Nov.  1881 

Taylor,  John  W.,  Thornhill  Tower,  Sunderland        ...         ($  0>  Dec  1B86 

Teroperlcy,  J.,  Cail's  Buildings,  Newcastle-on-Tyne           (S  O)  Nov.  1885 

Thompson,  W.,  Mersey  Chambers,  Liverpool             (S  O)  Jan.   1880 

Thompson,  V.  T.,  Baltic  Chambers,  Bnnderlaml       (S  O)  Dec.  1886 


Varley,  John.  131,  High  Park  Road,  Leeds 


(I  t  S  M)  Mai 


1887 


Wait,  James,  Maritime  Buildings,  Quay,  Newcustle-on-Tyiie        .,.(S  O)  Nov.  188* 
Wani,  Joseph,  Wallaead  Slipway  Co.,  Wallaeud-on-Tyne (A)  Nov.  1886 


GRADUATES. 

Anderson,  Robert,  21,  Picton  Place,  Nevrcaatlo       

Aadlftiv,  W.  F.,  13,  llusaell  Street.  North  Sbielct* 

Armstrong,  Walter,  3B,  Suffolk  Street,  Biihopn-earmouth,  Sunderhind 
Armstrong,  William,  63,  Croft  Terrace,  Jarrow       

Barnes.  William,  6,  Elmwood  Street,  SunderUnd 

Blnckctt,  Walter.  8,  Windsor  Crescent,  Newenslle 

Blackmorc,  H.,  21,  Picton  Place,  Nctvcasllc 

Brackcnbnry,  H.  J..  2,  Campliell  Street,  Newcastle  

Eramwell,  Balfour,  20.  Beverley  Terrace,  Ouilercoala         

Burton,  CD.,  34,  Edith  Street,  Jarrow         


Cai"pouter,  F.,  22,  De  Grey  Street,  Newcastle-OB 

Cbiahoira,  3U,  Clyde  Street,  Jarrow    

CollycT,  P.  N..  Hurworth-on-Tces.  Darlinaton 
Common,  F.,  13,  Tavistock  Place,  Sundcrhind 
Cooper,  C.  B.,  Palmer's  Rnttino  Works,  Jarrow-r 
Cornish,  H.  P 


■Tyne 


Doc. 

1884 

l>cc. 

188S 

Oct. 

1888 

Feb. 

188T 

Not. 

1886 

Oct. 

1686 

Mar 

1887 

Nov 

1886 

Oct. 

1886 

May 

18SS 

Dec 

188fi 

Mar 

1886 

May  1885 

Oct 

1886 

Nov 

IB84 

XXXI 

ELECTED. 

CouU,  Alex.  B.,  43,  Stanley  Street  W.,  North  Shields         Feb.  1887 

Crosby,  J.,  1,  Bandolph  Street,  Sunderland May  1885 

Corwen,  Heniy  R.,  Schifb  bau  werft,  "Qennania,"  Gaarden  bei  Kiel, 

Germany     Feb.  1886 

Dain ton,  Charles  Hopton,  22,  Tatham  Street,  Sunderland  Mar.  1886 

Davie,  Albert,  75,  Mount  Pleasant,  Barrow-in-Fumess      Feb.  1886 

D'Eyncourt,  Eustace,  2,  Hawthorn  Terrace,  Newcastle     Dec.  1886 

Elder,  Edward,  18,  Prospect  Terrace,  Jarrow-on-Tync       April  1886 

Fairbaim,  Jas.,  49,  Harrogate  Street,  Sunderland May  1885 

Fawcett,  J.,  8,  Canada  Street,  Shieldfield,  Newcastle- on-Tyne     Jan.  1886 

French,  James,  7,  Avenue,  Wallsend-on-Tyne  Mar.  18S7 

Gayner,  Robert  H.,  Beech  Holm,  Sunderland  Mar.  1886 

Qraham,  William,  30,  Hill  Street,  Jarrow     Feb.  1886 

Head,  A.  P.,  20,  Elswick  Row,  Newcastle      Nov.  1884 

Henshall,  Samuel,  9,  Chester  Road,  Sunderland      May  1885 

Holey,  J.  T.,  19,  Rosslyn  Terrace,  Sunderland         Jan.  1886 

Homer,  J.,  Springwell  House,  South  Street,  Sunderland May  1885 

Macindo,  John,  11,  St.  Bede's  Terrace,  Sunderland Nov.  1885 

Maddison,  G.  D.,  9,  Salem  Avenue,  Sunderland       ..  May  1886 

Maling,  Frank  A.,  2,  Toward  Terrace,  Sunderland Dec.  1885 

Marshall,  F.  T.,  38,  Percy  Gardens,  Tynemouth      Jan.   1885 

Metcalf,  Thos.,  6,  Dundas  Street,  Sunderland         May  1885 

Miller,  T.  B.,  6,  Vernon  Terrace,  Gateshead Nov.  1886 

Milne,  T.,  41,  Addison  Street,  Sunderland May  1885 

Muir,  A.  E.,  96,  Roker  Avenue  East,  Sunderland May  1885 

Munro,  Alex.,  20,  Linskill  Terrace,  North  Shields Nov.  1886 

Munro,  Henry  J.,  47,  King  Street,  North  Shields Nov.  1886 

Nicholson,  John,  Messrs.  Black,  Hawthorn,  ic  Co.,  Gateshead     Dec.  1886 

Nicolson,  Gilbert  C,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's, 

Newcastle-on-Tyne  Oct.  1885 

Noble,  Robert,  13,  Prospect  Terrace,  Jarrow-on-Tyne        Nov.  1886 

Plummer,  M.  S.,  Rose  Hill,  Low  Fell,  Gateshead Nov.  1885 

Ramshaw,  G.  H.,  31,  Barclay  Street,  Sunderland May  1885 

Rea veil,  Wm.,  20,  Falconar  Street,  Newcastle         April  1885 

Rickaby,  Augustine,  Bloomfield  Engine  Works,  Monkwearmouth,  Sunder- 

*auu  .■•         ...         ...         ...         ...         ••■         ...         ...         ...         ...  ^ov.  AooO 

Roberts,  T.  C,  Neptune  Shipyard,  Low  Walker      Oct.   1886 
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Robinson,  Wm.,  6,  Choppington  Street,  Newcastle-on-Tyne         May  1885 

Ross,  A.  T.  C,  19,  East  Parade,  Newcastle Dec.  1886 

Rutherford,  J.  T.,  7,  Marlbro'  Crescent,  Newcastle-on-Tyne         Jan.  1886 

Scott,  H.,  47,  Mainsforth  Terrace,  Sunderland         May  1885 

Shaw,  Thomas,  West  Boldon,  near  Sunderland       Dec.  1885 

Skinner,  Leslie,  22,  Rarensboume  Terrace,  South  Shields  Dec.  1886 

Sowerby,  William,  67,  North  Street,  Jarrow  Feb.  1886 

Speeding,  Joseph  C,  Roker  House,  Sunderland       Dec.  1886 

Spencer,  P.  G.,  3,  Victoria  Street,  Newcastle-on-Tyne       May  1885 

Stoddart,  Swinton,  24,  North  Milburn  Street,  Sunderland  ...        ...  May  1885 

Thompson,  Luke,  13,  Chester  Road,  Sunderland      Jan.  1886 

Tone,  J.  M.  F.,  50,  Clayton  Park  Square,  Newcastle-on-Tync       April  1885 

Towers,  Edward,  Jun.,  4,  Latimer  Street,  Tyoemouth       Nov.  1886 

Wardle,  Wm.,  1,  Buxton  Terrace,  Sunderland         May  1885 

fV aLSon,  A»  fv.      •••        •••        *••        ...        •.*        ••«        ...        ...        ...  uLay  looo 

Watson,  R.  J.,  8,  Northumberland  Villas,  Wallsend  ...  Jan.  1886 

Weatherall,  J.,  264,  Wansbeck  Terrace,  Shields  Road,  Heaton     Oct.  1885 

Westmacott,  Alfred,  Benwell  Hill,  Newcastle-on-Tyne      ,..  Dec.  1886 

Wheeler,  0.,  4,  Wilberforce  Street,  Wallsend  Oct.   1886 

Wilson,  R.,  8,  The  Green,  Bishopwearmouth,  Sunderland Jan.  1886 

Wood,  Henry  A.,  Longlands,  Middlesbro*      Oct.   1886 

Wortley,  H.,  11,  Burton  Street,  Byker,  Newcastle-on-Tync         Jan.  1886 


xxxm 


THE   LATE   MR.   IVAN   MAYOR. 


On  the  evening  of  Sunday,  Dec.  26th,  1886,  on  board  the  steamship 
"  Petriana,"  which  was  lying  in  Clover's  Dock,  Birkenhead,  Ivan  Mavor 
met  his  death  by  an  explosion  of  petroleum  vapour  or  spray.  The  story 
of  this  sad  accident,  by  which  ten  men  lost  their  lives,  was  told  with 
sufficient  fulness  in  the  newspapers  of  the  day,  and  does  not  require 
further  reference  here. 

Mr.  Mavor  was  a  young  man  of  such  exceptional  promise  that  his 
untimely  end  deserves  more  than  a  mere  passing  notice. 

Ivan  Mavor  was  the  son  of  the  Rev.  James  Mavor,  of  PoUokshields, 
Glasgow.  He  was  educated  at  the  Glasgow  High  School,  and  very  early 
in  life  evinced  a  decided  bent  for  the  business  of  a  shipbuilder.  This  led 
to  his  being  apprenticed  with  Messrs.  John  Elder  and  Co.,  Fairfield,  with 
which  firm  he  acquired  his  first  knowledge  of  shipbuilding  in  all  its 
branches.  After  completing  his  apprenticeship  he  was  for  two  years  in 
the  drawing  office  of  Mcssi*s.  A.  &  J.  Inglis,  Pointhouse  Shipyard.  He 
then  transferred  the  scene  of  his  labours  to  the  Tyne,  where,  as  draughts- 
man with  Sir  W.  G.  Armstrong,  at  Elswick,  and  subsequently  as 
assistant  manager  with  the  amalgamated  firms  of  Messrs.  Armstrong, 
Mitchell,  &  Co.,  Limited,  Low  Walker,  he  quickly  rose  into  notice  as  a 
young  man  of  rare  talent.  In  the  beginning  of  the  year  1886  he  was 
appointed  manager  in  the  shipbuilding  department  of  Messrs.  R.  &  W. 
Hawthorn,  Leslie,  &  Co.,  Limited,  Hebbum,  and  this  jKJst  he  held  up  to 
the  date  of  his  death.     He  was  26  years  of  age. 

Such,  briefly  tol«l,  is  the  equally  brief  professional  career  of  Ivan 
Mavor.  To  have  attained  to  such  a  position  as  that  which  he  held  at 
the  very  early  age  of  26  years  augurs  his  possession  of  no  common 
acquirements.  Endowed  by  nature  with  a  fine  physical  constitution,  a 
clear  brain,  and  an  indomitable  will,  he  applied  himself  unsparingly  and 
incessantly  to  the  acquisition  of  the  principles  and  the  practice  of  the 
business  of  his  choice.  Only  those  who  knew  him  most  intimately  were 
aware  of  the  self-denial  he  persistently  imposed  upon  himself.  With  all 
tiie  more  intricate  problems  of  the  science  of  naval  architecture  he  was 
fully  conversant.    Nothing  pleased  him  better  than  to  have  some  knotty 
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point  in  the  question  of  steamship  efficiency  or  steamship  propulsion  to 
elucidate.  In  the  application  of  his  theoretical  knowledge  to  the  practical 
art  of  the  shipbnilder  he  was  ever  enthusiastic,  and  it  was  in  this  sphere 
that  those  of  his  friends  who  knew  him  best  predicted  for  him  his  greatest 
success. 

He  was  a  member  of  the  Council  of  our  Institution  from  its  commence- 
ment, and  in  its  proceedings  he  took  a  lively  interest  and  an  active  part. 
In  1885  he  contributed — in  conjunction  with  Mr.  T.  Millar — a  paper 
"  On  some  Considerations  regarding  the  Freeboard  of  Merchant  Ships," 
and  at  the  date  of  his  death  he  had  barely  finished  writing  another  paper 
on  the  "  Education  of  Engineers  and  Shipbuilders,"  which  he  intended 
to  have  read  before  us  in  January,  1887.  This  latter  paper  was  taken  as 
ready  and  is  published  in  the  present  volume. 

He  was  married  only  three  weeks  previous  to  the  date  of  his  death. 

R.  L.  W. 


XXXV 


THE  LATE  MR.  W.  J.  CLARK. 


Mr.  W.  J.  Clark  was  born  at  Hylton,  near  Sunderland,  in  December,  1847, 
and  was  the  second  son  of  the  late  Mr.  George  Clark,  of  the  Soiithwick 
Marine  Engine  Works,  Sunderland,  He  commenced  his  education  at  pri- 
vate schools,  and  at  an  early  age  showed  marked  ability  in  his  studies. 
Having  passed  with  honours  in  the  public  examinations  at  the  University 
of  Durham,  he  entered  the  engine  works  of  his  father,  to  serve  his 
apprenticeship.  He  then  went  to  St.  John's  College,  Cambridge,  took 
high  honours,  and  finally  obtained  the  degree  of  M.A.  After  travelling 
for  a  short  time  on  the  Continent,  he  again  joined  the  Southwick  Engine 
Works,  and  up  to  the  time  of  his  death  assisted  his  brothers  in  the 
management  of  that  extensive  business. 

For  three  years  previous  to  his  decease  he  had  not  enjoyed  good 
health,  but  it  was  only  in  the  early  part  of  last  year  that  his  illness  was 
thought  to  be  of  a  serious  nature,  and  he  proceeded  to  London  to  obtain 
the  advice  of  the  most  eminent  physicians.  After  a  temporary  residence 
at  Bournemouth,  he  had  so  far  recovered  as  to  be  able  to  return  to  Sun- 
derland. In  the  course  of  a  month  or  two  he  again  left  for  London, 
with  the  intention  of  proceeding  to  the  South  of  France,  but  his  con- 
stitution was  so  weakened  that  he  was  obliged  to  remain  in  London, 
and,  after  a  severe  attack  of  paralysis,  died  at  the  Hotel  Metrdpole  on 
the  third  of  February,  1887. 

He  was  a  Justice  of  the  Peace  for  the  Borough  of  Sunderland;  and  as  a 
member  of  the  Council  of  the  North-East  Coast  Institution  of  Engineers 
and  Shipbuilders,  took  an  active  interest  in  all  its  proceedings. 

He  was  of  a  very  genial  disposition,  and  most  generous.  Being  a 
great  authority  on  mathematics  and  theoretical  science  in  connection 
with  every  kind  of  engineering,  he  was  often  consulted  upon  difficult 
questions ;  many  technical  works  contain  much  valuable  information 
contributed  by  him,  and  it  is  not  too  much  to  say  that  by  his  death  the 
North-East  Coast  has  suffered  a  loss  in  engineering  talent. 

H.  H.  W. 


THE   I.ATK   MR.   JOHN    BROCKAT. 


Mil.  Joils  BRorKiT  iraa  1)oni  in  Glasgow  in  LLp  y^ar  1835,  and  was  the 
Toarth  son  of  the  Into  Mr.  Andrew  Brockut,  builder,  etc.,  of  that  city. 
His  career  waa  a  varitd  and  interesting  one,  embracing  a  large  practical 
experience  wliich  few  could  eqmU.  His  earlier  years  were  spent  in  some 
of  the  largest  maiine  engineering  establishments  on  the  Clyde,  at  that 
time  the  great  cenfre  of  tin's  Important  industry,  After  the  completion 
of  his  ajiprenticeship,  and  for  the  first  nine  years  of  his  professional  life, 
he  was  in  the  service  of  Messrs.  Randolph  and  Elder,  where  he  worked 
both  as  a  mechanic  and  draughtsman.  He  then  joined  the  firm  of 
Messrs.  Simons  &  Co.,  of  Renfrew,  and  afterwards  became  head  dranghts- 
man  to  Messrs.  Barclay  &  Co,  Ou  leaving  them  he  took  the  super- 
intendence of  the  Cork  Steamship  Co.'s  fleet,  and  subsequently  held  the 
position  of  outside  manager,  first  for  the  firm  of  Messrs.  A.J.  luglis&Co., 
and  secondly  for  Messrs,  Elder  &  Co.  In  1871  he  proceeded  to  China  to 
take  the  management  of  the  Hong  Kong  and  Whampoa  Dock  Com- 
pany. In  the  latter  part  of  1876  he  returned  to  England,  was  shortly 
afterwords  appointed  surveyor  to  Lloyd's  Register  of  Shipping,  and  at  the 
time  of  his  death  held  the  position  of  principal  engineer-surveyor  to 
that  society  for  the  Tyne  Ports.  He  died  on  February  2Gth,  1887,  after 
a  short  illness  of  thirteen  days,  and  was  interred  in  Glasgow.  He  was  a 
member  of  the  Institution  of  Naval  Architects  and  a  member  of  the 
Council  of  this  Institution,  in  the  proceedings  of  which  he  took  a  lively 
interest.  Being  very  widely  known  and  respected  both  in  hia  official 
and  privaU:  life,  his  kind  and  genial  disposition,  combined  with  an  nnos- 
tentntious  manner,  always  won  for  him  the  goodwill  of  all. 

J.  F.  W. 
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THE  NORTH-EAST  COAST  INSTITUTIOxN 

OF 

ENGINEERS  AND  SHIPBUILDERS. 


(Tonstttutton  anb  3Bi?e^Xa\)P0, 

Adoptbi)  at  a  Gen'ekal  Meeting  on  the  itli  March,  1885. 
Kevised  at  the  CLOdixo  Business  Mertino  held  on  Mat  4tu,  1887. 


CONSTITUTION. 

I. — ^The  Name  of  the  Association  is  ''The  North-East  Coast   Name 
Institution  of  Engineers  and  Shipbuilders." 

IL — ^Thc  Objects  for  which  the  Institution  is  established  objecu 
are: — The  advancement  of  the  science  and  practice  of  Engineer- 
ing and  Shipbuilding,  and  the  interchange  of  ideas  and  informa- 
tion amongst  its  members,  bj  means  of  meetings  for  the  reading 
and  discussion  of  papers  relating  thereto,  and  placing  on  record 
its  transactions. 

III. — ^The  Institution  shall  consist  of  Honorary  Members, 
Members,  Associates,  and  Graduates. 

IT. — HoNORABY  Members   shall    be   such  distinguished   Honoranr 

Members. 

persons  as  the  Council  may  elect. 

T. — Members  shall  be  Principals  or  Principal  Managers  Memben. 
engaged  in  Engineering  or  Shipbuilding ;  Civil,  Military,  or 
Mining  Engineers,  or  Naval  Architects ;  whose  subscription 
shall  be  Two  Ouineas  per  annum :  and  other  persons  engaged  in 
the  above  professions ;  whose  subscription  shall  be  Half-a-Guinea 
per  annum. 

TI. — Associates  shall  be  such  persons  as  are  not  strictly    AsMctatct 
Engineers  or  Shipbuilders,  but  are  connected  with  or  interested 
in  such  pursuits,  and  are  deemed  by  the  Council  to  be  eligible 
for  Associate  membership.     Their  subscription  shall  be  One 
Guinea  per  annum. 


VII. — OBADtiATKs  shall  bc  poreons  nnder  twenty-one  ypars 
of  age,  engaged  iu  studj'  ur  emplojineiit  Ui  qualify  I.hem8i.-h us 
for  any  of  the  abore  professions.  Their  sabecription  shall  be 
Five  Shillings  per  annnm. 

VIII,— Any  Member  may  become  a  Like  Membek  by  a 
single  payment  of  Twenty  Gaineas,  or  any  ASSOCIATE  may 
become  a  Lipb  Associate  by  a  single  pnyment  of  Ten  Guineas. 
IX. — The  Officeks  of  the  Institntion  shall  be  elected  froni 
and  by  the  Members,  and  Bhall  consist  of  one  President,  the 
Past- Presidents,  sis  Vice-Prosidonts,  fifteen  Coniicilmen,  and  an 
Honorary  TreaBnrer. 

X. — Tiie  President  and  Honorary  Treasurer  shall  be  elected 
annually.  Two  Vice-Presidents  and  five  Councilmcn  shall  be 
elected  annually.  The  retiring  Vice-Presidents  and  Oouncilmen 
shall,  at  the  end  of  the  first  year,  be  decided  by  ballot  from  the 
whole  number  ;  at  the  end  of  the  second  year,  by  ballot  from 
the  number  who  hare  served  two  years  ;  and  each  sncceeding 
year  they  shall  be  those  wbo  have  served  three  years  from  their 
last  election. 

The  President  shall  be  eligible  for  re-election  for  a  second 
year ;  should  he  be  re-elected  he  shall  retire  at  the  conclusioQ  of 
bis  second  year  of  ofEce,  and  shall  not  again  be  eligible  until 
after  an  interval  of  one  year. 

The  retiring  Vice-Presidents  and  Coancilmen  shall  not  be 
eligible  for  re-election  to  the  same  offices  nntil  after  a  similar 
interval,  bnt  shall  be  eligible  for  election  to  any  otbei  office. 

The  Honorary  Treasurer  shall  be  eligible  for  re-election 
annually,  or  for  election  to  any  other  office. 

XI. — Honorary  Members  may  attend  all  the  General  Meet- 
ings, they  may  read  papers,  take  part  in  discussions,  JD  voting, 
in  moving  and  supporting  resolutions,  in  presentation  of  notices 
of  motion,  or  in  requisitions  for  Special  Meetings,  and  in  the 
proposition  of  new  members ;  they  shall  also  receive  copies  of 
the  Tr.in^aclions. 

XII. — Members  shall  have  all  the  privileges  of  the  Institn* 
tion,  as  enumerated  in  the  forgoing  paiagraph,  and  Bhall  ho 
eligible  for  office. 
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XIII. — Associates  shall  have  all  the  privileges  enumerated  in    ^1^..^,^,,^^^^. 
paragraph  XI.    They  shall  be  eligible  for  office  as  Councilmen.     ^^e««»- 

XIV. — Graduates  may  attend  all  the  General  Meetings,  they   g^J^gJ^ 
may  read  papers,  take  part  in  discussions,  and  support  resolu- 
tions; they  shall  also  receive  copies  of  the  Transactions,  but 
shall  not  sign  proposals  for  new  members,  vote,  nor  be  eligible 
for  office. 

XV.— The  General  Meetings  of  the  Institution  shall  be  held    gSSSSi, 
during  the  winter  seasons  of  each  year. 

KoTB. — When  the  word  Member  ia  initialled  ^'ith  a  capital  letter  it 
ngnifies  a  member  under  paragraphs  IV.  and  V.,  but  when  initialled  with  a 
•maU  letter,  it  ngnifiea  a  member  of  any  class  of  the  Institution  membership. 


BYE-LAWS. 

Sevised  ai  the  Closing  Butxnett  Meeting  held  on  May  4thj  18S7. 


MEMBERSHIP. 

1. — Every  candidate  for  admission  as  a  Member,  Associate,  AdS^taSS?'**' 
or  Graduate  shall  be  proposed  and  recommended  according  to 
the  form  A  in  the  Appendix,  in  which  form  the  name,  usual 
residence  or  the  place  of  business,  the  qualification  for,  and  pro- 
posed class  of  membership  of  the  candidate  shall  be  distinctly 
specified.  Proposals  for  Graduates  must  give  the  date  of,  and 
age,  last  birthday. 

The  form  shall  be  signed  by  a  Member  or  Associate  of  the 
Institution,  as  proposer,  and  by  at  least  other  three  Members  or 
Associates  as  supporters,  certifying  a  personal  knowledge  of  the 
candidate. 

The  proposal  so  made  shall  be  submitted  to  the  Council, 
when,  if  it  be  approved,  the  Chairman  shall  sign  the  approba- 
tion, which  shall  be  inserted  in  the  notice  calling  the  next 
General  Meeting,  when  the  candidate  shall  be  balloted  for,  and 
shall  be  accepted  if  three-fourths  of  the  votes  are  favourable. 

2. — Graduates  desirous  of  becoming  Members  shall  be  pro-   ^J2i?"*MtSaw*. 
posed  and  recommended  according  to  the  Form  B  in  the 
Appendix. 

The  proposal  so  made  shall  be  submitted  to  the  Council,  who 
sliall  agree  to  or  reject  it. 
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3. — The  brtlloLing  for  mcmbei-sliip  shall  be  conducted  in  the 
following  manner: — Each  member  shall  be  Bnpplied  by  post  with 
a  list  of  the  names  of  the  candidates,  according  to  the  Form  C 
in  the  Appeadii,  and  shall  strike  out  the  names  of  such  can- 
didates as  he  desires  shall  not  be  elected.  These  lists  may  be 
returned  to  the  Secretary  by  post,  or  may  he  deposited  in  the 
ballot-box  by  the  voter  in  person  on  entering  a  meeting  at  which 
an  election  is  to  take  place.  The  ballot-box  will  be  closed  at 
ten  minnlcs  after  the  adTcrtiaed  time  of  meeting.  The  lists 
shall  then  be  handed  over  to  the  Chairman,  who  shall  appoint 
two  Scrutineers  to  examine  them,  after  which  examination  the 
Chairman  shall  inform  the  meeting  of  the  result, 

4, — Notice  of  Election  as  a  member  shall  be  sent  to  the  can- 
didate within  one  week  iifter  his  election,  according  to  the  Form 
D  io  the  Appendix ;  but  his  name  shall  not  be  added  to  the  list 
of  Members,  Associates,  or  Graduates  of  the  Institution,  nntQ 
he  shall  have  paid  his  first  annnal  subscription. 

5. — In  case  of  rejection  of  the  candidate,  no  mention  thereof 
shall  be  made  in  the  minutes,  nor  shall  any  notice  be  given  to 
the  unsuccessful  candidate. 

6. — All  subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  of  June  each  year.  Any  member  with- 
drawing from  the  Institution  altci'  that  date  is  stillhablc  for 
the  amount  of  subscription  due  on  that  day.  Apphcation  for 
membership  may  be  made  at  any  time  during  a  Session,  and  the 
subscription  shall  cover  the  mcmbersliip  up  to  the  Ist  of  June 
following. 

7. — On  (.layment  of  each  [snlscription  the  Secretary  shnll^ 
forward  to  the  member  an  official  receipt, 

8. — On  question  of  piivilcge, — .\ny  person  who  may  be  un- 
known in  the  meeting  shall  only  be  able  to  claim  the  privilege 
in  question  on  proving  his  nieuiberahip  for  the  current  Session. 

9. — Any  member  wliose  subscription  is  one  year  in  nrrenr 
sliall  be  reported  to  the  Council,  who  shall  direct  application  to 
be  made  for  it,  according  to  Form  E  in  the  Appendix ;  and  in 
the  event  of  its  continuing  in  urrear  until  the  cud  of  that 
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Session  after  such  application,  the  Council  shall  have  the  power, 
after  remonstrance  by  letter,  according  to  the  Form  F  in  the 
Appendix,  of  declaring  that  the  defaulter  has  ceased  to  be  a 
member. 

10. — The  Council  may  refuse  to  continue  to  receive  the  sub- 
scriptions of  any  member  who  shall  have  wittingly  acted  in  !^uu^^' 
contravention  of  the  Regulations  of  the  Institution,  or  who  shall, 
in  the  opinion  of  the  Council,  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  continue  his  membership  ; 
and  the  Council  may  remove  his  name  from  the  list  of  members : 
and  such  person  shall  thereupon  cease  to  be  a  member  of  the 
Institution.  Notice  of  such  action  of  the  Council  shall  be  for- 
warded to  the  person  in  question,  in  accordance  with  the  Form 
6  in  the  Appendix.  The  reason  for  such  action  of  the  Council 
shall  not  be  stated  to  the  person  expelled,  without  the  sanction 
of  the  Council 


OFFICERS. 

11. — ^The  Annual  Election  of  Officers  shall  be  conducted  in 
the  following  manner: — The  Council  shall  meet  in  Marcher 
April,  and  shall  arrange  a  list  of  nominations,  in  accordance 
with  the  Form  H  in  the  Appendix.  Such  list  shall  be  presented 
at  the  General  Meeting  immediately  preceding  the  last  General 
Meeting  of  the  Session,  and  any  Member  present  shall  be  at 
liberty  to  nominate  additional  Membei-s.  The  list  shall  show 
who  remain  in  office  throughout  the  Council,  and  who  are 
retiring.  It  shall  nominate  new  names  in  the  place  of  the 
retiring  Membei's,  and  the  number  of  nominations  shall  be,  at 
least,  two  in  excess  or  the  number  required  in  each  section  of  the 
Council.  A  copy  of  this  ballot  hst  shall  be  forwarded  to  each 
Member  and  Associate,  together  with  a  complete  list  of  Mem- 
bers, to  be  filled  in,  in  accordance  with  the  instructions  printed 
in  the  ballot  form,  and  to  be  returned  to  the  Secretary,  to  be 
opened  in  the  presence  of  the  Council,  at  a  Council  Meeting 
which  shall  be  held  in  April  or  May,  when  the  scrutiny  and 
counting  shall  be  carried  out  by  the  Council.  Any  Member  in 
voting  shall  be  at  liberty  to  erase  any  name  or  names  from  the 
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list  uud  substritute  the  names  of  any  other  i^erson  or  persons 
eligible  for  cat^li  reapecti™  office  other  than  those  alreaiJy  placed 
on  the  Inllot  list  hy  the  Council  and  Meiuhcrs  of  the  Institution. 

Any  voting  paper  returning  either  more  or  less  than  one 
Prcaidcnt,  aix  Vice-Prciidcnts,  one  Honorary  TreasurtT,  and 
fifleeQGouncilmuQ.  Bhallbedisqualifiedforthe  section  or  sections 
in  which  such  errors  occur,  and  the  votes  shall  be  tost  for  the 
said  section  or  sections.  The  votes  given  as  President,  to  a 
Member  who  is  not  elected  President,  shall  count  to  him  na  a 
Vice-President  J  the  votes  given  as  Vice-President,  or  Treasurer, 
to  persona  not  so  eiccled,  shall  count  to  them  as  Conncilmen, 
unless  they  liave  just  completed  a  term  of  office  in  such  capacity. 

The  voting  list  shall  not  be  sent  to  any  Member  and 
jVasociate  whose  subecriptions  ore  moi-e  than  one  year  in  arrear ; 
nor  shall  any  Member  be  nominated  on  the  list.  For  this 
purpose,  the  Secretary  shall  prepare,  previously  to  the  meeting 
of  Council,  a  list  of  those  Members  whose  subscriptions  are  more 
than  one  year  in  arrears. 

12. — The  result  of  the  ballot  for  Officei-s  shall  be  declared  at 
the  General  Meeting,  to  be  held  in  May,  at  which  meeting 
KPiicrnl  buNrncss  shall  lie  traDsacfccd.  At  the  May  General 
Meeting  llic  newly-elected  Officers,  alter  being  declared,  sliall 
enter  into  office ;  and  this  shall  be  the  last  meeting  of  the  Session. 
'  13. — The  Council  shall  have  power  io  supply  any  casual 

vacancy  within  itself  (including  any  casual  vacancy  in  the  office 
of  President),  which  shall  occur  between  one  May  Meeting  and 
another!  nnd  the  Ollicers  so  appointed  shall  retire  when  the 
person  nliosc  place  they  (ill  would  have  retired.  Vacancies  not 
filled  up  during  the  year  shall  be  filled  at  the  General  Election. 


GENERAL  MEETINGS. 

Rwrtft  ^  *' — "^^^  Annnal  General  Meeting  shall  take  place  in  October, 

and  shall  be  held  in  Newcastle.  The  Ordinary  Meetings  shall 
lake  place  in  the  second  week  in  each  following  mouth  during 
the  Session,  unless  otherwise  aminged  by  tjie  Council,  and  at 
Biich  hoiire  ami  [ilaees  as  the  Council  may  determine. 
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15. — Seven  clear  days'  notice  of  every  General  Meeting,  Onli-    S2.uL£f 
nary  or  Special,  specifying  the  nature  of  business  to  be  tran- 
sacted, shall  be  given  to  every  member  of  the  Institution. 

16. — A  Special  General  Meeting  may  be  convened  at  any  fe'^J^*^*"^ 
time  by  the  Council,  and  such  meeting  shall  be  convened  by  the 
Council  whenever  such  is  the  declared  wish  of  a  General  Meeting, 
or  whenever  a  written  requisition,  signed  by  twenty  members, 
specifying  the  object  of  the  meeting,  is  left  with  the  Secretary. 
If,  for  fourteen  days  after  the  delivery  of  such  requisition,  a 
meeting  be  not  convened  in  accordance  therewith,  the  requisi- 
tioniste,  or  any  twenty  members  of  the  Institution,  may  convene 
a  Special  Meeting  in  accordance  with  the  requisition.  The 
business  discussed  at  such  Special  Meetings  shall  only  be  that 
indicated  on  the  notice  calling  the  meeting. 

17. — Twenty  Members  shall  constitute  a  quorum  for  the  pur-   Quomm. 
pose  of  a  meeting  other  than  a  Special  Meeting.    Tliirty  Members 
shall  constitute  a  quorum  for  the  purpose  of  a  Special  meeting. 

18. — The  President  shall  be  chairman  at  every  meeting,  and   S£^J°  *^ 
in  his  absence,  one  of  the  Past-Presidents  or  one  of  the  Vice- 
Presidents  ;  or  in  the  absence  of  these,  a  Councilman  shall  take 
the  chair  ;  or  if  no  Councilman  be  present  and  willing  to  take 
the  chair,  the  meeting  shall  elect  a  Chairman. 

19. — The  decision  of  a  General  Meeting  shall  be  ascei-tained  ix-ci«ion«of 
by  a  show  of  hands  ;  or,  when  five  Members  or  Associates  shall  Mectiuic 
demand,  or  the  Chairman  may  think  it  desirable,  the  decision 
shall  be  taken  by  ballot.  The  manner  of  counting  the  votes 
shall  be  at  the  discretion  of  the  Chairman,  and  an  entry  in  the 
minutes,  signed  by  the  Chairman,  shall  be  deemed  sufficient 
evidence  of  the  decision  of  a  General  Meeting.  In  cases  of 
equality  of  votes,  the  Chairman  shall  have  a  casting  vote ;  other- 
wise he  shall  not  vote. 

20. — Questions  of  a  personal  nature  arising  in  a  General    <Mc«non8of » 
Meeting,  shall,  if  possible,  be  referred  to  the  Council,  otherwise    (JJecthri^' 
the  decision  of  the  meeting  shall  be  taken  by  ballot  on  a  motion 
or  amendment  put  to  the  meeting.    The  ballot  shall  be  taken  by 
Uie  voters  (being  Members  or  Associates)  writing  ''for*'  and 
**  against**  on  a  slip  of  paper.    The  slips  shall  be  folded  and 


collected,  und  then  couuk-d  iu  tliu  presence  at  tlie  ineeLiii<r,  and 
the  result  atmoanced  by  the  Chairman.  Should  fewer  than 
twenly  vuLes  be  given,  it  sliall  be  understood  llmt  the  iiui^sttiiu 
is  shtlvcd,  and  the  votes  shall  be  desti'oyed  without  being 
opened. 
SuKSl'Saii         2^' — ^^  every  fieneral  Meeting  of  the  Institution,  the  Secre- 

"*  tary  shall  firat  read  the  minutes  of  the  preceding  meeting,  whn;h, 

on  approval,  shall  be  sijjned  by  the  Chairman  ;  business  arising 
out  of  these  minutes  shall  then  be  transacted.  The  Secretary 
shall  read  any  notices  which  may  have  to  be  brought  before  thu 
meeting.  Notices  of  motion  may  then  be  given,  and  other 
business  of  the  IntiUtution  may  be  attended  tuj  but  nrhcD  a 
paper  is  to  be  read,  the  foregoing  business  shall  not  be  extended 
beyond  Lalf-an-hour  after  the  advertised  time  for  commencing 
the  meeting.  The  paper  or  papers  for  the  evening  shall  then 
be  read  and  discussed. 

Ulimiiu.  ^^- — ^^  within  half-nn-hour  afler  the  time  lixod  for  holding' 
a  General  Meeting  a  quorum  is  not  present,  the  meeting  shall  be 
dissolved,  and  all  matters  which  might,  if  a  quorum  had  btca 
present,  have  been  done  at  the  meeting  so  dissolved,  may  forth- 
with be  done  on  behalf  of  the  meeting,  by  the  Council ;  except 
the  reading  or  discussion  of  a  paper,  vhich  shall  not  proceed  iu 
the  absence  of  a  quorum. 

"mJmju  ^'^^ — ^"^  General  Meeting  of  the  Institution  may  be  ad- 

journed by  a  vote  of  the  Members  and  Associates  present  if 
there  be  a  quorum  ;  if  there  bo  not  a  quorum,  the  case  shall  be 
met  by  the  preceding  paragraph. 

i>i«iunu(  24. — Each  member  shall  have  the  privilege  of  introducing 

one  friend  to  the  Geneml  Moctings.  whose  name  must  be  written 
in  the.  Visitors'  Book,  together  with  that  of  the  member  intio- 
duciog  him  ;  but  if  the  introducing  member  be  unable  to  attend 
the  meeting,  he  m>iy  send  the  name  of  the  visitor  to  the  Secre- 
tary. During  such  portions  of  any  of  these  meetings  as  may  be 
devoted  to  any  business  cunnecled  with  the  management  of  the 
Instituiion,  visitors  may  be  requested  by  the  Chairman  to  with- 
draw. This  shall  be  done  if  five  Members  or  Aasociates,  or  both, 
present  request  it. 
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COUNCIL  MEETINGS. 


25. — ^The  Council  shall  meet  before  each  General  Meeting,  or 
on  other  occasions  when  the  President  shall  deem  it  necessary ; 
being  summoned  in  either  case  bj  circular,  stating  the  time  of 
meeting,  and  the  business,  so  far  as  is  known. 

No  business  involving  expenditure  of  the  funds  of  the  Insti- 
tution (except  by  way  of  payment  of  current  accounts)  shall  be 
transacted  at  any  Council  Meeting,  unless  the  circular  gives  six 
clear  days'  notice,  and  states  the  business. 

All  discussions  of  a  personal  character  in  the  Council  shall 
be  considered  and  treated  as  being  strictly  confidential. 

26. — The  Council  may  regulate  its  own  procedure,  and  dele- 
gate any  of  its  powers  and  discretions  to  any  one  or  more  of  its 
number. 

The  President  shall,  ex^fficio,  be  chairman  of  all  Council 
Meetings,  and  in  his  absence  one  of  the  Past-Presidents  or  one 
of  the  Vice-Presidents  shall  take  the  chair ;  or  in  the  absence  of 
these,  one  of  the  Councilnien  shall  be  elected  to  take  the  chair. 
Five  members  of  Council,  including  the  Chairman,  shall  form  a 
quorum. 

In  the  appointment  of  Sab-Conmiittees,  the  Council  shall 
determine  the  number  which  shall  form  a  quorum  in  each  case, 
md  shall  appoint  a  Chairman.  These  regulations  shall  not 
affect  the  Finance  Committee. 

27. — ^The  Council  may  appoint  Committees  either  from  itself, 
or  with  the  assistance  of  persons  outside,  for  the  purpose  of 
transacting  any  special  business,  or  of  investigating  specific 
objects  connected  with  the  work  and  interests  of  the  Institution. 

28. — All  Committees  or  Sub-Committees  shall  be  appointed 
by  the  Council,  and  shall  be  subject  to  that  body,  and  shall 
report  to  it.  The  Council  shall  act  upon  these  reports  or  recom- 
mendations as  it  may  think  best. 

29. — ^The  Council  may  invite  to  General  Meetings  or  to 
Council  Meetings  any  person  or  persons  whose  presence  and 
assistance  it  may  desire,  and  strangers  so  invited  shall  be  per- 
mitted to  take  part  in  the  proceedings,  but  not  to  vote. 


OooneD 
MeeOoss. 


CouTetiiiif 
Meeting  for 
Kzpenditure  of 
Foiida. 


DiMUMlOltf  of  A 

Penonal 
Chancter. 


KegulfttioQ  of 
Proceedings. 


Chftirmanand 
Qaonim. 


SokhCominittoea. 


SobOommiUeet. 


Sub-OommiUeet. 


luvitatiouof 
Stettostti*. 


30, — The  Secretary,  wlio  sliall  also  act  as  Treasurer,  sliall  be 
appointed  by  and  act  nndcr  Lbe  direction  and  conlrol  of  the 
Council,  and  sliall  be  paid  BOch  salary  as  the  Council  shall 
determine.  He  shall  attend  all  meetings,  Council  and  General, 
and  shall  talce  minutes  of  the  proceeding,  and  enter  them  in 
proper  bookB  provided  for  the  purpose.  He  ehall  write  the 
correspondence  of  the  Institution  and  Council,  read  minutes  and 
notices  at  meetings,  report  discnsGiouB,  and,  if  required  by  tbe 
Council,  prepare  papers  for  reading  and  publication,  and  read 
papers  and  commnnicntions  at  the  meeting.  He  shall  receive 
all  payments  due  to  the  Institution,  and  shall  bank  the  cash  in 
hand  tvheucver  it  nmoDDts  to  ten  pounds.  The  bank  shall  lie 
dctermiucd  by  the  Council  and  the  banking  account  sliall  be  in 
the  names  indicated  in  connection  nith  the  Finance  Committee. 
He  shall  keep  a  cash  account  book,  general  and  detail,  which 
shall  on  all  occnaiona  W  open  to  inspection  by  the  Finance 
Committee  or  hy  the  Council.  He  shall  keep  a  register  of  the 
names  of  members,  eo  arranged  as  to  distingaish  all  members 
whose  fiubscriptions  are  in  arrcar.  He  shall  also  perform  what- 
ever other  duties  are  indicated  in  the  Bye-Laws  of  the  IngUta- 
tion  as  appcitaining  to  his  department ;  and  shall  remain  iu 
office  during  the  pleaBnre  of  the  Council.  He  shall  not  vote  on 
any  resolution. 

31. — The  following  Sub-Committees  ehall  be  appointed 
annually  hy  the  Council : — (l)  A  Finance  Committee,  to  consist 
of  seven  persons,  viz.,  one  Vice-President,  who  shall  be  Chair- 
man ;  five  Councilmen,  and  the  Honorary  Treasurer  of  the 
Institution  ;  three  of  whom  shall  form  a  (luoruro.  The  Treasurer 
shall  be  empowered  to  pay  all  anioun's  due  from  the  lustltntion 
which  are  nndertvfo  pounds.  .\11  amounts  of  two  pounds  and 
npivarda  shall  be  paid  by  cheque  signed  hy  the  Chairman  of  the 
Finance  Committee  {or  in  his  absence,  by  the  President  or  a 
Past- President),  the  Secretary,  and  the  Treasurer.  (2)  A  Read* 
ing  Committee,  to  consist  of  six  meml^rs  of  Council. 
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TRAX8ACTI0NS. 


82. — ^All  papers  shall  be  forwarded  to  the  Secretary  at  least 
five  dear  weeks  before  the  proposed  date  of  reading.  The 
Secretary  shall  submit  them  for  approval  to  the  Council,  and  on 
their  general  approval  they  shall  be  handed  to  the  Reading  Sub- 
Committee,  three  of  whom  at  least,  shall  read  the  paper  through. 
The  Beading  Conmiittee  shall  be  at  liberty  to  strike  out  any 
parts  which,  in  their  opinion,  ought  not  to  be  read.  They  may 
also  make  any  suggestions  to  the  author  as  to  points  which 
might  with  advantage  be  inserted  or  altered. 

33. — The  papers  read,  and  the  discussions  on  them,  or  such 
portions  of  them  as  the  Council  shall  select,  shall  be  printed  for 
distribution  among  the  members,  each  of  whom  shall  receive  a 
copy.  These  Transactions  shall  be  edited  by  the  Secretary,  in 
accordance  with  instructions  of  the  Council,  who  shall  have 
power  to  omit  parts  of  discussion  which  may  be  foreign  to  the 
subject,  or  which  it  may  be  deemed  undesirable  to  retain.  Each 
paper  shall  bear  the  date  on  which  it  was  read  in  General  Meeting. 

34. — Copies  of  papers  to  be  read  during  any  session  will  be 
sent  seven  days  before  the  date  of  reading  to  members  who  shall 
have  applied  to  the  Secretary  for  them,  in  writing,  at  the  com- 
mencement of  the  session.  The  discussion  on  a  paper  shall  not 
be  considered  closed  on  the  evening  on  which  it  is  read«  but 
shall  be  open  for  renewal  at  a  subsequent  meeting,  prior  to  the 
reading  of  the  paper  set  down  for  that  date. 

85. — Proofs  of  the  reports  of  discussions  shall  be  sent  for 
correction  to  the  members  who  have  taken  part  in  the  discussion, 
bnt  must  be  returned  to  the  Secretary  within  seven  days  of  the 
date  on  which  they  were  sent,  otherwise  they  will  be  deemed 
correct,  and  will  be  printed  off. 

86. — The  Council  shall  be  at  liberty  to  print  as  Transactions, 
either  with  the  papers  and  discussions  or  separately,  explanatory 
notes,  etc.,  communicated  after  the  reading  or  discussing  of  a 
paper.  Such  communications  shall  bear  the  date  on  which  they 
shall  have  been  received  by  the  Secretary. 

87. — ^The  Institution  shall  not  be  held  responsible  for  the 
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lUtctueate  and  opinioiiB  advanced  in  any  of  the  papers  wbich 
may  be  read,  or  in  the  discnaaions  which  may  take  place  at  tho 
Meetings  of  the  Institution. 

3s.  — Twenty  copies  of  each  paper  and  discussioQ  shall  be 
presented  to  the  author  of  the  paper,  for  pri\ate  use.  and  one 
copy  shall  be  sent  to  each  member.  When  a  paper  ia  prepared 
by  iiwo  authors,  fifteeu  copies  shall  be  presented  to  each.  Dapli- 
cute  copies  of  parts  of  the  Transactions  mislaid  or  lost  by 
members  cannot  be  supplied  to  them,  except  as  provided  for  in 
Bye- Law  il. 

39.  —The  Transactions  shall  not  be  supplied  free  to  memben 
whose  aubacriptioua  are  more  than  one  year  in  arrear. 

40.  — Any  member  elected  at  any  time  between  the  Annual 
General  Meetings  shall  be  entitled  to  copies  of  all  the  Transactions 
issued  during  the  session  to  which  his  first  subscription  applies  ; 
but  not  until  the  siibacriptioii  has  been  paid. 

41. — The  Transactions  of  the  Institution  shall  be  ilie  cxclu- 
nivc  property  of  the  Institution,  and  shall  be  published  only  by 
the  authority  of  the  Council.  Additional  copies  of  papers 
required  by  authora  for  their  private  nse  can  only  be  procured 
from  the  Secretary,  at  prices  fixed  by  the  Council  from  time  to 
time,  and  these  copies  must  contain  the  whole  of  the  discnssion 
following  the  papers,  and  be  bound  in  the  usual  cover,  with  the 
addition  of  the  following  words : — "  By  |)ermission  of  tho 
Council,"  and  "Excerpt  Minutes  of  Proceedings."  Duplicate 
volumes  and  copies  of  parts  of  the  Transactiuns,  if  in  print,  can 
also  lje  obtained  from  the  Secretary,  and  aball  be  sold  only  by 
him,  in  anch  manner  and  at  such  prices  aa  the  Council  shall 
have  fixed. 

43.  —During  a  discusuon  upon  any  paper,  no  person  shall  be 
at  liberty  to  speak  more  than  once  {except  by  way  of  osplana- 
tion),  nor  for  a  longer  period  than  ten  minutes. 

ACCOUNTS. 

13 — The  Council  shall  pivsent  the  yearly  accounts  (up  to 
the  Slat  of  May  preccdiniO  "t  ihe  October  Oenerai  Meeting  of 
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each  year,  after  they  have  been  audited  by  a  professional 
Aocountant,  appointed  by  the  members  at  the  General  Meeting 
in  May. 

ALTERATIONS  TO  CONSTITUTION  AND  BYE-LAWS. 

44  — Alteration  in  or  addition  to  the  Constitution  and  Bye- 
Laws  may  be  made  only  by  resolution  of  the  members  at  the 
May  General  Meeting,  after  notice  of  the  proposed  alteration  or 
addition  has  been  announced  at  the  previous  General  Meeting. 

The  resolution  may  be  modified  by  the  Council  meanwhile, 
should  they  so  desire ;  but  in  this  case  it  shall  be  read  at  the 
May  General  Meeting  in  its  original  form  before  it  is  proposed 
in  the  amended  form. 

Such  resolutions  shall  be  stated  in  the  notice  calling  the 
intervening  Council  Meeting,  and  also  in  the  notice  calling  the 
May  General  Meeting. 

Any  member  unable  to  be  present  at  the  meeting  at  which 
such  alterations  are  to  be  considered,  but  who  is  neverthelcM 
desirous  of  recording  his  opinion  thereon,  shall  be  allowed  to 
vote  by  proxy,  such  proxies  shall  be  in  Form  J  in  the  Appendix, 
which  may  be  had  on  application  to  the  Secretary,  and  may  be 
used  by  any  member  present  at  the  meeting  on  behalf  of  the 
absent  member,  and  counted  by  the  Chairman  as  of  equal  value 
with  votes  given  in  the  manner  provided  in  Bye-Law  19. 


APPENDIX. 


FORM  A.  (BYE-LAW  1.) 
A.  B.  [Christian  Name,  Surname,  Occnpation,  and  Addreea 
in  fntl]  Deing  desirons  of  admission  into  the  Norch-Bast  Coast 
lastitation  of  Engineers  and  Sliipbuilders,  we,  the  undersigned 
[Members  or  Aesociatea],  propose  and  I'ecommend  that  he  shall 
become  [a  Member,  Associate,  or  Graduate]  thereof.  We  know 
him  to  be  [a  Principal,  &c.,  or  eDgaged  in,  &c.,]  and  eligible  for 
the  proposed  inomberBhip. 

FHOU    FEUSDNAL  KNOWLBSOS, 

Signed_ 

'         Four 

Auocintei.] 


day  of 


FORM  B.  (BYE-LAW  2.) 

A.  B.  [Christian  Name.  Snrnntne,  Ocnpation,  and  Address 

in  Aill]  being  at  present  a  of  the  North-East  Coast 

Inatitntion  of  Enginecrit  and  Shipbuilders,  and  npnards  of 

twenty-one  jears  of  age,  and  being  desiroua  of  becoming  a 

uf  the  Raid  luBtitutc,  we,  the  undci'signed 

I  £Menibers  or  Asflociatca],  recommend  him,  from  ptrsonnl  know 

L^ii';^'',  ns  a  p<:rB0ii  eligible  fur  the  proposed  Change  of  member- 

I  ship,  bocanae — 

{Herr  iftcify  JitliiKlly  lie  QoaliJIcaCioHt  oj  t)a  Candidate  aci-orJing 
to  tkt  ij»ra  oflkt  Rule,  of  lit  lH4liMioH.) 

Signed  

___      _ ^^^ 

[Member*  or 

AuocikU*.] 


li 


FORM  C.  (BYE-LAW  8.) 

BALLOTING  PAPER  FOR  MEMBERSHIP. 

The  Council  haviDg  considered  the  recommendations  for 
Membership  of  the  following  gentlemen,  present  them  to  be 
balloted  for,  viz. : — 


Mbmbkk. 

AASOCIATB  OB 

Graduatk. 


Addbem. 


NOMINATBD  BY. 


SUPPOBTBD  BY. 


Strike  out  the  names  of  such  persons  as  you  desire  shall  fiot 
be  elected,  and  forward  the  list  by  post  to  the  Secretary,  or 
personally  place  it  in  the  ballot-box  at  the  Meeting. 


FORM  D.  (BYE-LAW  4.) 

Sir, — I  am  directed  to  inform  yon  that  on  the  day 

of  you  were  elected  a  of  the  North-East 

Coast  Institution  of  Engineers  and  Shipbuilders,  but,  in  con- 
formity with  Bye-Law  4,  your  election  cannot  be  confirmed,  nor 
your  name  be  added  to  the  roll  of  membership,  until  you  have 
paid  your  first  annual  subscription,  the  amount  of  which  is 
£        :        :        ,  or,  at  your  option,  the  Life  Composition  of 

Jb  S  S  • 

Payment  may  be  made  to  the  Treasurer,  Mr. 

Address 

I  am,  Sir, 


Dated 


Yours  faithfully. 


18 


Secretary. 


N.B. — In  case  of  a  Graduate,  strike  out  '*  or,  at  your  option,  tk€ 
Life  Composition  o/£        t        :         " 


Ill 

FORM  E.  (BYELAW  iKi 

Sni, — I  am  directed  by  the  Conncil  of  ibe  North-Elast  Coast 
InsLitniion  of  Engineers  and  Shipbuilders  to  draw  jonr  attention 
to  Bve-Law  f>,  and  to  remind  von  that  the  snm  of  £ 
of  Tonr  annnal  snbscri^ftions  remains  unpaid,  and  that  yon  are  in 
conserinence  in  arrear  of  subscrij  tion. 

I  am  also  directed  to  rc-jncst  that  you  will  cause  the  same  to 
be  paid  without  further  delay,  otherwise  the  Coimcil  will  be 
under  the  necessity  of  exercising  their  discretion  as  to  using  the 
power  vested  in  them  by  the  Rule  above  referred  to. 

I  am,  Sir, 

Tours  faithfully. 

Secretary. 


FORM  F.  (BYE-LAW  9.) 

Sir. — I  am  directed  by  the  Council  of  the  North-East  Coast 
Institution  of  Engineers  and  Shipbuilders  to  inform  you  that  in 
consequence  of  non-payment  of  your  arrears  of  subscription,  and 
in  pursuance  of  Bye-Law  9,  the  Council  have  determined  that 
unless  payment  of  the  amount  (£  )  is  made  previous 

to  the  day  of  next,  they  will  proceed  to  declare 

that  you  have  ceased  to  be  a  member  of  the  Institution. 

But,  notwithstanding  this  declaration,  you  will  remain  liable 
for  payment  of  the  arrears  due  from  you. 

I  am,  Sir, 

Y'ours  faithfully. 

Secretary. 

FORM  G.  (BYE-LAW  In.; 

Sir, — I  am  directed  by  the  Council  of  the  North-East  Coast 
Institution  of  Engineers  and  Shipbuilders  to  inform  you  that 
tlicy  feel  it  their  duty  to  advise  you  to  withdraw  from  the 
Institution,  or  otherwise  they  will  be  obliged  to  act  in  accord- 
ance with  Bye-Law  9  (or  10,  as  the  case  may  be.) 

I  am,  Sir. 

Yours  faithfully, 

Secretary. 


liii 


FORM  II.  (BYE-LAW  11.) 

BALLOTING     LIST. 
PBBSIDnrr. — Okk  Namk  only  to  bo  rftunicHl.tir  the  vote  will  Im*  1  >st. 
President  for  the  carreut  year  (elijjrihlo  for  re-eleotioii.)* 


( 


Sew  Nominations,  from  whom  to  select  OSK. 


Vicb-Pbbsidbxts. — Six  Naxks  only  to  be  returned  (indudiii^^  the  four 
who  remain  in  office),  or  the  vote  will  be  lost. 


Pour  Vice-Presidents  remaining  in  office,  whose  8eat4«  are  NOT 

vacant. 


>  Two  Vice-President'*  retiriiij^,  and  NOT  eligible  for  rt'-rluction. 


Sew  Nominations,  fnnn  whom  to  select  TWO  nam4>«. 


T&BABVUEB. — 0»B  Namb  Only  to  be  returned,  or  the  vote  will  \te  Utst. 
Treasurer  for  the  carreut  year,  eligible  for  re-electi<jn. 


! 


New  NominatiouM  from  whom  to  liclect  ONK. 


CorNCiLMK.v.— FiFiKKX  Nahes  ouly  to  be  returned,  including  the  ten  who 

remain  in  office. 


fen  Couucilmen  remaining  in  office.     These  do  not  reiiuire  to  !>«; 
voted  for  at  this  election,  as  their  term  of  service  ha<(  NOT  M>t 

expired. 


►  Five  Connciluiim  retiring,  and  NOT  eligible  for  re-elect  i(»n. 


y  New  Nominations  from  whom  to  select  FIVK. 


*Tu  b«  Tuned  out  beforv  Imuu,  when  tbe  I'rMident  la  not  eUi;ibl«  for  re  fl«K>tion 


liT 


N.D.— (a)  The  uamea  of  thoK  wbo  remsm  in  office  will  be  oouited  in 
tlio  total  number  required  without  being  ro-written  by  the  voter. 

(h)  Auj  list  having  either  IIOBB  or  lKss  than  the  rcqini'pd  number  of 
name*  vot^  for  in  any  section  ivilt  be  diaqualified  for  that  section. 

(e)  Votee  as  Progideot  (or  a  person  who  is  not  elcctod  will  count  for  him 
Bi  a  Vice. President. 

(i)  Votea  at  VJce-Preeideiit,  or  Treasurer,  for  persons  not  so  elected,  will 
connt  for  them  as  CDuiicilmen,  unless  the;  bave  just  completed  a  term  '<f 
office  in  that  capBCity. 

(b)  This  list,  dulj  filled  iu.  may  ho  rcturm-d  to  the  Secretirj  by  post,  or 
handed  to  him,  so  as  to  h«  on  the  Council  table  before  the  commencement  of 
the  scrutiny,  nhich  is  appointed  to  take  place  in  the  Coaacil  Boom,  at  I* 
p.m.,  on  18 

(/)  A  copy  of  this  list  shall  be  posted  nt  least  Seven  Days  previous  t.> 
the  Annual  Sleeting  to  every  Member  and  Associate,  who  uiaj  erase  any  name 
□r  names  from  the  list  and  substitnte  the  name  or  names  of  any  other  person 
or  persons  eligible  for  such  respective  olEces,  but  the  number  of  persons  on 
the  list  after  such  erasure  or  substitution  must  not  eie«ed  tbe  number  to  be 
electeil  to  the  respective  offices. 

Sec.-.U,y. 


(POEM  J.  CBTE-LAW  44.) 


NoBTB-ExsT  Coast  Instititiion  of  EironBB&B  asd  SHRBDniVRoB. 


Honorary  Member,  Member,  t 

do  hereby  appoiutilr 

who  is  [an  Honorary  Member,  Member,  or  Associate]  of  the  s«me 
Inititntiun,  to  act  as  my  Proxy,  and  record  my  Vote  at  the  General 

Meeting  of  the  Institution,  to  be  held  on  the. day  of 

1*4 and  at  any  adjournment  tbereof. 


NORTH-EAST  COAST  INSTITUTION 


OF 


ENGINEERS  AND  SHIPBUILDERS. 


Third  Session,  1886-87. 


PROCEEDINGS. 


ANNUAL  GENERAL  MEETING  HELD  IN  THE  HALL  OP  THE  LITERARY 

AND  PHILOSOPHICAL  SOCIETY,  NEWCASTLE-UPON-TYNE, 

ON  WEDNESDAY  EVENING,  OCTOBER  13th.  1886, 


W.  THEO.  DOXFORD,  Esq.,  PREflTDKXT,  in  thr  Chair. 


The  Secretary  read  the  minutes  of  the  preceding  General  Meeting 
(closing  meeting  of  last  session),  held  on  May  l2th,  1886,  which  were 
approved  by  the  members  present,  and  signed  by  the  President. 

The  ballot  for  applications  for  membership  having  been  taken,  the 
President  appointed  Messrs.  H.  Charlton  and  W.  Menzies  to  examine 
the  voting  papers,  and  the  following  gentlemen  were  declared  elected  :— 

MEMBERS. 

Anthony,  James,  6,  Northumberland  Square,  North  Shields. 

Boolds,  James  H.,  Shipyard,  Pallion,  near  Sunderland. 

Darley,  Henry,  98,  Park  Road,  Newcastle. 

Fairman,  A.  E.,  23,  St.  Bede's  Terrace,  Sunderland. 

t 

VOL,  IXIw-UM.  ^ 


Flohr.  Juttna,  32,  BirhoiiollAe,  Stettin,  Gcnnanf . 

Okirett,  Oilbeit  H.,  Mesara.  R.  Stoplipna-iii  &  Co.,  South  Street,  Keweutle. 

H&TinBn,  Brace,  10,  Hauiiltoii  Terrace  W.,  Pattick,  Glasgow, 

HamittoD,  James,  Jarrow. 

HQk,  W'ilhelm,  Deptford  Sljipyani,  SunderUnd. 

Iniilis,  Johu,  jnaior,  Puiiitliouae  Shipyard,  Purtick,  GlasgoK. 

Liiidfora,  H.,  AtUa  Wnrf,  Oetle,  SiTcdcn. 

Matthews,  Jaiucs,  Meaare.  Hawthorn,  Lealia,  &  Co.,  Forth  Banko,  Nen-castle. 

Mnir,  Uobert,  17,  Westmorlaud  Kuiul,  Ni'n'caatle. 

Pliillipa,  Walter,  3,  West  Grove  Terrace,  OreonwicU,  London. 

Bejiiolda,  WiUiam  U.,  17,  Aahlteld  Terrace  East,  Nen-otftie. 

Rntlierford,  Geor^,  Wallsuud  Slipway  Engine  Works,  CorditF. 

Ryder,  C.  L.,  G8,  Fern  Avenne,  Newcastle. 

Sairjon,  Jolui,  Heurs.  Thomas  Wilson  &.  Sods,  UnIL 

Sharer,  Edmand,  Shipyard,  Palliuii,  near  Sunderland. 

Spencer,  liolph,  Newburn  Steel  Works,  near  Newcastle. 

Siittoii,  Joseph,  Elan'ick  Steel  Wurka,  Newcastle, 

West,  Henry  H.,  l-l,  Castlo  Street,  Liverp,TDl 

Weatgartli,  Tom,  Messrs.  Westgaith,  English,  4  Co.,  Middleahrongh. 

GRADUATES  DESIRING  TO  BECOME  MEMBERS. 
Brown,  T.  R„  li,  Dock  Street  East.  Sunderland. 
Uickiiuoii,  Frederick  T,.  Park  House,  Sundcrlaud. 
Newton,  Williaiu  A.,  Broughlon  Road,  South  Shields. 
Shiella,  James,  7,  Tanstall  Vate,  Siiuderland. 
Stevunsnn,  tiuhert,  G,  Mawbra;  Road,  Sunderland. 

ASSOCIATES. 

Hiunt^m,  John,  3,  Prior's  Terrace,  Tynemouth. 
Coull,  John,  43.  Stanley  Street  West,  North  Shields. 
Foster,  Herhert-Ie-Neve,  Steel  Works,  Messrs,  PaUocr' 
Co.,  Jnrroir. 

GRADUATES. 
Armatmng,  William  S..  fiS,  Cnift  Terrace,  Jarrow. 
Blackmore,  H,,  21,  Fictnn  Place,  Newcastle. 
Burton,  airistnplier  D.,  34,  Edith  Street.  Jarrow. 
Cooper,  Charles  R.,  Engineering  Deimrtmont.  Messrs. 

buiUliiig  Co.,  Jarrow. 
Robert*,  T.  C..8.  ttllberforce  Street.  Wallscnd, 
Wlioeler,  O.,  4,  Wilhcrforoe  Street,  Wallscnd. 
Wood,  Henry  A.,  Longhinds,  Middlesbrough. 


||  The  .Secretary  read   tlie  CouncU's   Report  and   tlie  Treasurer's 

Financial  Statement  for  lust  eession,  as  toUowa: — 


t  Iron  and  Shipbuilding 


COINCIL   R-OPORT.  ;^ 


COUNCIL  REPORT. 


Thr  Conncil  regrets  that  the  finances  of  the  Institution  are  not  in  so 
prosperous  a  condition  as  when  the  first  annual  report  was  presented  to 
the  members. 

The  second  session  has  been  an  active  one.  Eight  papers  have  been 
read  and  discussed,  each  of  which  has  been  illustrated  by  very  expensive 
plates ;  hence  the  cost  of  printing  the  Transactions  has  very  much  ex- 
ceeded that  of  the  former  session,  and  this  in  a  great  measure  accounts 
for  the  reduced  balance  for  the  year.  This  matter  is  now  having  the 
serious  attention  of  the  Council. 

The  papers  read  contain  a  large  amount  of  practical  and  theoretical 
information  upon  subjects  which  are  at  present  engaging  the  attention  of 
engineers  and  shipbuilders.    They  are  as  follows : — 

1. — *'0u  the  Maniifacturo  of  Large  Forgings  for  Marine  Purposes."     By  Mr.  H. 

Cameron. 
2. — "  On  some  Considerations  regarding  the  Freeboard  of  Merchant  Ships."     By 

Messrs.  I.  Mavor  and  T.  MiUar. 
3. — "  On  the  Application  of  Hydraulic  Pressure  to  the  Driving  of  Machines."     By 

Mr.  R.  H.  Tweddell. 
4. — "  On  the  Construction  and  Fittings  of  Salvage  Steamers."    By  Mr.  O.  UUstrom. 

5. — "  On  the  Stiffening  of  Collision  Bulkheads."    By  Mr.  M.  C.  James. 

6. — "  On  Forced  Draught."    By  Messrs.  J.  Patterson  and  M.  Suiidison. 

7. — "On  some  Points  of  Interest  in  the  Designing  of  Racing  Yachts."     By  Messrs. 

A.  E.  Long  and  W.  E.  Paton. 
8. — "  On  High  Speed  Engines."     By  Messrs.  F.  C.  Marshall  and  R.  L.  Weightoii. 

The  Council  is  pleased  to  report  that  the  negotiations  which  were 
pending  at  the  close  of  the  first  session  with  respect  to  the  setting  out  of 
the  new  measured  mile  at  Hartley  have  now  been  completed,  and  the 
course  has  been  surveyed  and  certified  by  Capt.  Tizard  of  H.M.  surveying 
ship  '•  Triton."  The  whole  cost  of  the  above  work  has  been  defrayed  by 
the  proprietors  of  the  leading  shipbuilding  and  marine  engineering  estab- 
lishments of  the  Rivers  Tyne  and  Wear ;  but  your  Council  has  thought 
fit  to  pledge  the  Institution  to  pay  the  annual  cost  of  maintenance, 
including  the  nominal  acknowledgment  or  rental  to  Lord  Hastings  and 
his  tenantry,  the  total  cost  nob  to  exceed  £5  per  annum.  Large  and  small 
charts  of  the  new  measured  mile  can  now  be  obtained  from  the  printer, 
Mr.  Andrew  Beid,  Newcastle-upon-Tyne.  A  copy  of  the  small  chart  forms 
the  frontispiece  to  Vol.  11.  of  the  Transactions  of  the  Institution. 


1  COCKCIL    KEPOKT. 

Two  verr  important  Eob-committeea  hav«  been  elected  daring  the 
year : — One,  "  To  compile  Statistics  and  Beport  upon  the  Progrefs  in 
Shipbuilding,  both  in  Great  Britaiu  und  Foreign  Coontries,  dimng  the 
last  twenty-five  years."  Mr.  J.  "Wigham  Richardson  is  the  Chfurman  of 
this  Committee.  The  other  has  been  formed,  "To  investigate  and 
endeavour  to  formulate  a  simple  bnt  comprehensive  mle  or  measure  of 
the  Power  of  Marine  Engines  and  Boilers,  which  being  (in  a  measure) 
scientifically  sound  and  commercially  convenient,  shall  be  applicable  to 
the  various  types  and  proportions  which  may  obtain  in  practice."  Mr. 
W,  J.  Clark  was  ori^finally  appointed  Chairman  of  this  Committee,  but 
owing  to  ill  health  he  was  compelled  to  resign,  and  Mr.  W.  Boyd  has 
been  appointed  in  his  stead.    These  sub-com  mil  tees  are  still  at  work. 

A  sub-committee  was  also  appointed  to  search  for  suitable  rooms  in 
a  central  position  of  the  city  of  Newcastle,  to  be  used  as  reading  rooms 
for  this  Institntion  ;  bat  afler  dne  consideradon  the  matter  was  left  id 
abeyance. 

The  Council  has  great  pleasure  in  stating  that  the  right  of  appointing 
a  Governor  to  the  Durham  College  of  Science,  in  accordance  with  No.  18 
of  their  Articles  of  Association,  has  been  conferred  upon  the  Institution; 
and  that  the  Coimcil  by  resolution  passed  on  February  3rd,  1886, 
nomiuatcd  the  President  of  the  Institution  for  the  time  being  to  repre- 
sent tbera  on  the  Council  of  the  College. 

At  the  close  of  the  session  sundry  alterations  were  made  in  the  Bye- 
Laws,  which  it  is  hoped  will  prove  beneficial  to  the  Institution. 

During  the  session  92  Members,  8  AssociateB,  and  28  Graduates  have 
been  added  to  the  list  of  members.  At  the  close  of  the  session  the  tutal 
number  enrolled  was  JGo,  viz.; — 458  Memljci-s,  i2  AssociateB,  and  65 
Graduates.  Tliere  have  been  sundry  resignations,  and  the  following  have 
been  removed  by  death,  viz. : — W.  E,  V.  Paton,  London  ;  A.  W.  Potfs, 
Hunderland  ;  R.  Wyllie,  Hartlepool ;  and  M,  C.  Young,  Newcastle-upon- 
Tync. 

The  Council  deeply  regrets  the  loss  sustained  by  the  death  of  the  late 
Mr,  W.  E.  V.  Pdtou  by  misadventure,  who,  though  quite  a  young  man, 
had  already  distii^uished  himself  before  this  Institution  ;  the  paper  read 
hj  him  '■  On  the  Designing  of  Raciug  Yachts,"  having  already  gained  a 
high  reputation,  and  copies  of  it  are  in  great  request. 

The  Council  also  regrets  that  another  very  active  memlxir,  Mr.  W,  J. 
Clark,  of  Sunderland,  has  on  account  of  sickneiw  been  obliged  to  resign 
his  Bvat  in  the  Council. 


FIXAKCIAL  STATEMENT. 
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mSCI/BSIOX— FINAXCIAI.   i^TATKMKKT. 


The  Pufisii-BST  suid,  Iwfore  innvhig  tire  adoption  of  the  Report,  he 
should  like  to  make  a  few  remarks  upon  the  fiamc  The  Council  regretted 
Ibat  the  liiiances  n-ore  not  so  prosperons  as  they  could  wish.  The  mem- 
l)ers  might  think  that  the  position  was  not  liad,  seeing  that  they  had  a 
fiurplasof  £133  J  but.  if  they  looked  into  the  details,  they  would  find  it 
to  be  anything  but  satisfactory  to  the  Council.  Tlio  actual  excess  of 
the  expenditure  over  the  receipts  for  the  year  waa  Bomelhing  hke  £2CC ; 
bat  from  that  there  waa  the  stock  in  hand  to  deduct,  viz.,  £110,  so  that 
the  deficiency  would  thus  be  f  ISG,  which  was  caused  by  the  excess  of 
cost  of  the  second  volume  over  the  Hrst  one,  the  difference  being  about 
£300.  This  difference  was  enormous,  hot  he  thought  that  most  of  them 
wonid  a^rec  that  the  second  volume  was  well  worth  the  cstra  cost.  The 
great  e^icess  was  n  the  lithographing  of  the  plates,  and  he  for  one  would 
not  like  to  sec  any  attempt  to  reduce  the  cost  by  redncing  the  quality  of 
the  work.  If  the  expenditure  was  to  continue  on  the  same  scale,  he  was 
afraid  they  would  have  to  look  for  an  increase  of  revenue  in  some  form 
oranother.  The  best  way,  he  thought,  would  be  to  increase  the  sabscrip- 
tiona  of  the  10s.  Gd.  members,  for  there  were  308  of  them,  and  they  only 
paid  lOs.  Gd.  for  what  was  actually  costing  the  Association  £1  Is.  It 
was  not,  however,  the  intention  of  the  Council  to  propose  any  increase  until 
the  end  of  the  cnn'cnt  seseion,  and  then  only  if  it  were  found  alisolutely 
necessary  to  do  so.  The  graduates  only  paid  53.,  although  the  expenses 
were  the  same.  He,  however,  thought  it  was  the  feeling  of  the  Council 
that  they  should  uot  increase  that  subscription,  as  they  wishetl  to  en- 
courage the  young  members  to  remain  with  them.  The  next  point  was 
the  qaestion  of  suitable  rof)ms  for  "  reading  rooms,"  and  the  only  reason 
for  letting  that  stand  over  was  the  financial  one.  The  Council  felt  they 
could  not,  under  the  existing  circumstances,  sjiend  more  money;  but  if 
the  subscriptions  of  the  10s.  (id.  members  were  increased  to  £1  la.,  they 
could  then  incur  that  extra  expense.  In  connection  with  the  Durham 
College  of  Science,  as  their  represent ativo  he  attended  the  opening  meet- 
ing the  other  day,  and  he  was  rather  sorry  to  find  that  their  financial 
state  was  something  like  tlieir  own.  They  were  spending  more  than  they 
were  receiving  ;  and  it  struck  him  that,  as  they  intended  to  have  a  chair 
for  Marine  Engineering  and  Naval  A  rchitectm-e,  they  had  a  right  to  look 
to  the  leading  firms  in  the  district  for  some  assistance,  and  he  thought 
there  were  at  least  forty  firms  who  were  well  able,  and  would  be  willing, 
to  pay  something  like  £25  per  annum,  and  that  would  put  the  College  of 
Science  in  a  strong  financial  position.     He  did  not  know  that  he  was 
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right  in  throwing  out  that  suggestion ;  but  he  thought  that,  if  the  College 
of  Science  or  its  principals  took  the  matter  up  properly,  they  would 
have  no  difficulty  in  raising  funds  in  that  way.  He  now  formally  moved 
the  adoption  of  the  report. 

This  was  seconded  by  Mr.  W.  Menzies,  and  carried  unanimously. 


The  President,  W.  Theo.  Doxford,  Esq.,  then  delivered  the  following 


Inaugural  Address : — 


lirACGlTt-M-    ^DDliESS, 


PRB.SIDENT'S   IXAUGURAL   ADDRESS. 


In  deciding  npon  the  subject  of  my  ftddrcaa  to  you  this  evening,  I  have 
kept  before  mc  the  fact  llutt  this  lustitutioD  is  compoacd  of  aliiptjwnci-s 
as  well  as  of  sliipbuildera  and  engineers,  and  that  yonr  Pi'tsident's 
uddresH  should  therefore  lie  one  ofgonpral  interest.  And,  as  in  most  of 
the  Presidential  addresses  to  tlie  various  associations  daring  the  |MSt  two 
years,  the  present  depression  in  trade  and  its  causes  have  beeii  dwelt  upon 
pretty  fully,  I  propose  to  deal  more  particnlariy  with  the  remedy  ibi'  this 
depression,  as  far  as  it  atTccts  the  members  of  this  Institution.  To  do 
this  effectually,  I  propose  calh'ii^  your  attentioD  to  some  points  connected 
with  the  development  of  the  mercantile  marine  in  Recent  years,  and  ita 
present  condition,  with  the  view  of  seeing,  if  possible,  whence  improve- 
ment in  the  trades  with  which  this  Institution  is  so  closely  connected,  is 
to  come.  What  then  are  the  prospects  of  improvement '(  And  whence 
is  it  to  come  ?  If  we  look  around  na  we  see  a  growing  feeling  that  the 
worst  point  has  been  touched ;  we  sec  freiglits  irapi-oving,  though  slowly  ; 
we  Bee  confidence  gaining  ground  amongst  commercial  men — a  confidence 
which  will  continue  to  streugtheu  the  mure  we  are  assured  that  wc  have 
got  a  stable  government,  and  that  there  is  not  to  be  war  abroad — at 
any  rate  for  some  time  to  come.  Now,  don't  mJsnndcrstand  me.  I  do 
not  mean  to  say  that  war  would  not  improve  onr  trade — quite  tlie 
contrary ;  for  hitherto  war  has  always  been  an  enormoas  gain  to  the 
BhijH>wner,  and,  therefore,  to  the  ahi]ihi.iilder,  whilst  it  lasted ;  bnt  this 
great  temporary  prosperity  has  t'-vays  been  followed  by  a  corresponding 
depression. 

For  some  time  past  we  have  been  in  the  worst  conceivable  position, 
for  neither  have  we  been  at  war,  nor  have  we  lieen  able  to  depend  upon 
a  lusting  peace,  and  nothing  kills  trade  sooner  than  uncertainty,  or  a 
wont  of  confidence.  Rnt  although  there  arc  many  signs  of  coming 
improvement  in  the  general  trade  of  the  country,  I  fear  that  it  will  he  a 
long  time  yet  ere  shiphiiiidera  and  engineers  feel  the  benefit  of  it  to  any 
considerable  extent  by  orders  coming  iu  for  new  steamers.  There  will  be 
BQch  orders,  and  they  will  gradually  increase  ;  hut  after  the  seriuus  losacs 
which  many  shipowners  have  sustained,  it  must  take  a  considerihlc  time, 
and  require  an  accumulation  of  profits,  before  they  again  feel  justified  in 
investing  largely  in  new  vessels.     But,  gentlemen,  if  we  cannot  look  for 
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immediate  improvement  in  the  shipbuilding  and  engineering  trades  in 
this  direction,  there  is  another  direPtion  from  which  not  only  immediate 
but  also  sustained  improvement  must  come  if  shipowners  are  to  put  their 
present  vessels  into  a  fit  state  to  compete  with  others  now  being  built, 
and  that  direction  is  the  work  to  be  done  to  realize  tliat  object. 

In  the  first  place,  I  will  deal  wirh  the  present  condition  of  the  steam 
fleet  of  the  world,  and  to  enable  me  to  do  so  Batisfactorily,  I  have  prepared 
the  following  Table— taking  Llojd's  "  New  Universal  Eegiater  "  as  a  bafiia — 
which  shows  at  n  glance,  in  periods  of  live  years  each,  the  number  and 
sizes  of  steamers,  above  20(i  tons  gi-oss  register,  built  since  lHao,  which 
wei'e  afloat  when  the  Register  was  issued,  and  which  I  venture  to  think 
contains  inlbrmntioa  new,  impiortwnt,  and  also  interesting  to  every  member 
of  this  Inslitiition ; — 

NciiBKH  A.M)  Sizes  ob  Stkimbbs  abovb  200  Toss  Gboss  Rkoibtbu  bcili 

SINCE   1S&5   AND   KOW  AriiOAT. 


isu«o.            1   IMI45.   1    iMe-To. 

IS71IS.      *     imSi.      i      im-M.           ToUlK      1 

sao'w°MD?«t!ii(g;' 

IB-  «7.md]i89-  eB.m 

w)  -va.m'  sa  -im.ta 

1 

6(«HoI.IXO   78-B7.BM 

lei-inm 

afls-.m,6»4 

iia-acMn 

3M-Ml.tOI 

B5J-(W,Ol!l.B38-l,«5,B« 

l.«IOt<.l,500   ll-aS.2IB 

M-msw 

iBT-i9i,iia 

363-«J,B» 

3M-«S.(IM 

BS0-«9,Wl,»97-l.B«.OM 

l.K»loS.«»    IS-aiTD 

W^  B7.M1 

;S-lS6,5l6'lTfi-30S.a6J 

)19-SS7,SM 

CU~BM,»3 

i.i86-a.iiB3.«r 

%in)tn>,WI)     S-1&917 

99-  H.997 

SB- 86,113 

w  -  aa.UD 

im-mmtJ 

ss^mxi 

(I3S-1.I76.S1 

l.EIOO(o3.0CO     g-lB,«i 

ift-M.»a 

M-68,»» 

o-iaaw 

M-I06,6«l)| 

190-MJ,S3S 

as»-B5o.l» 

i.mu>i.v»    1-ta.ta 

10-  »s.nT 

»-M.m 

7B-SSB,»I0 

sj^it;,3w 

1*7  -BCB.15J 

3]B'1,0eS,M> 

i.mui.tai 

n-ft»i 

S-X,S7S 

u-  ts.m 

«-  »,7a 

71-mia  in-«*.Mi[ 

i,tm  ud  np.    1  -  IMA 

.... 

t-   »,M3 

3~    111,045 

I7-1S«.6H      »-IH,OM 

m-MftW  |«6S-iai,9M;7M-«BM8S 

i,B8B-i,»3a5a|i,s8i-i,w(i,4ii 

J,OOM,m,137J.8»-9.gSS.MO 

Anmn    ..      ..     SU  j            Ms           i.oas 

i,na)           i,n5 

l.«7!               ],«s| 

Before  dealing  with  the  figures  contained  in  this  Table,  allow  me  to 
explain  why  the  totals  do  not  agree  with  Table  No.  I  in  the  Register. 

Table  No.  1  gives  the  total  numljer  of  stoaniere  above  lOd  tons  of  what- 
ever age,  lint  I  have  thought  it  advisable  to  leave  out  all  steamere  below 
200  tons,  as  probably  not  aflectiug  the  points  at  issue,  and  also  all  those 
built  before  1856  as  l>eing  practically  obsolete.  The  numbers  in  the 
Register,  viz.:^it,G45  steamers  of  10,201,241  tons  gross  are  thus  reduced 
to  7,889  steamers  of  9,8o5,5C0  tons  gross,  and  it  is  with  these  latter  I 
now  propose  to  deal. 

One  impoi'taut  fact  wbiuli  1  wisli  to  bring  to  yonr  notice,  is  the  great 
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increaee  in  tlic  site  of  Gtcamors.  Comparing  ilie  6ret  and  the  last  ot  the 
six  periods  frith  which  I  am  dealiug,  I  fiDil  that  thi;  tonnage  of  Btcaiucrs 
of— 

£00  to     500  toiu  hu  iacraucd        ...  f.>ar-rold 


500  ,. 


1,000 


1.000  „  1.500 

1.500  ,.  2,000 

2,000  „  3,500 

2,600  „  3.000 

3.000  ,,  4,000 


..  luenl.r-tlve  , 

...   fortj-lhrro  , 

..thirtv-feron  , 

tneuty-ciglit  , 

...  thirlT-neven  . 


Showing  the  largest  iucreasc  in  stcaincn'  of  from  l,5U(i  to  2,000  tons. 
Taking,  however,  the  two  latter  periods  in  the  Table  it  will  Iw  found  that 
the  lai^er  dcveloinucnls  arc  now  tMkiuj;;  place  in  vcEsela  of  3,on(j  tons  and 
npwards. 

Yon  will  sec  from  the  Tahle  that  the  average  increase  in  size  has  lieen 
very  steady,  although  rapid,  with  the  exception  of  the  years  187G-80, 
when  it  practically  remained  stationary,  the  adrnuce  having  heen  from 
735  tons  in  1856-60  (leaving  out  the  "  Great  Eastern  ")  to  1,437  tons  in 
1881-86. 

This  ia  a  vonderfnl  development  to  have  taken  place  in  so  short  a 
space  of  time  as  thirty  years,  especially  when  we  consider  that  the  art  of 
shipbtitlding  is  not  of  recent  origin.  Who  can  say  how  many  thonsonda 
of  years  elapsed  between  the  setting  afloat  of  the  first  small  vessel,  and 
the  date  when  the  average  size  had  increased  to  TSS  tons  ?  And  yet  in 
but  thirty  years  we  have  doubled  that  average. 

The  next  important,  I  may  almost  say  stiirtling  fiict,  which  is  brought 
to  light  by  this  Tabic  is  that  nearly  one-half  of  the  tonnage  now  afloat 
has  been  bnilt  since  1880 — that  ia  within  the  past  five-aud-a-half  years. 


le  ages  of 

he  various 

Uuih  1S5I! 

o  181)0  i 

c]ii» 

„     1861  t 

olSfio 

,. 

„     186C  to  1S70 

,. 

.,  isrit 

0  1873 

„ 

„    1876 t 

CI  1880 

.. 

as  follows,  viz  :- 

276  Btearoci 

220,307 

655 

6^1.981 

786 

853,183 

1,588 

1,923,532 

l,5«l         „ 

1,905,417 

do<l)  3,006 

4,321.137 

From  these  fignres  you  will  see  that  -l-l  per  cent,  of  the  total  tonnage 
hag  been  bnilt  since  1880 ;  and  that  since  1870  the  enormous  nnmber  of 
6,173  eteamors  with  a  total  tonnage  of  8,150,086  as  against  only  1,71G 
aleaniers  of  1,705,474  Ions  for  the  previous  fifteen  years. 

Now  so  mnch  for  the  size  of  our  fleet ;  hut  what  of  its  condition  ? 
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Il  is  well  knowu  tliat  mitnj  vessels  now  afloat  arc  olisolete,  and  can 
never  be  made  to  pay  ngain  aa  cargo  or  passenger-carrying  vessels,  owing 
to  the  improvements  ivhich  have  lakcu  place,  not  only  in  the  machinery — 
which  might  be  altered — bnt  also  in  the  proportionate  (limeoHiona  of  the 
hull,  and  the  better  adiiptiition  of  the  general  arrangementa,  and  the 
model,  to  the  special  trade  fur  wJiich  the  vessel  is  intended. 

Then  there  are  other  Tcssels  whicli  it  is  almost  impossible  to  navigate 
pi'olitably  now,  but  which  may  Ije  turned  into  very  desirable  property  by 
taking  out  the  present  enginesandboilcrB,  and  pnttioffin  triple  expinaion 
engines,  wilh  high  pressure  Iwilei-s. 

Let  US  then  divide  the  present  fleet  into  three  classes,  and  tlnis  arrive 
as  nearly  as  possible  to  a  knowledge  of  its  present  condition,  so  tJmt  the 
shipowner  may  realize  his  position,  and  what  he  has  to  face  to  put  his 
fleet  in  order,  and  the  shipbuilder  and  engineer  may  know  the  work  that 
lies  before  them. 

In  the  first  class,  I  propose  to  inclnde  all  Imats  of  modern  typo,  and 
which  may  bo  thought  fairly  capable  of  earning  profits  for  some  time  to 
come,  although  not  fitted  with  triple  espanaion  engines. 

In  the  second  class,  I  include  those  boats  which  must  be  re-engined, 
or  have  their  engines  altered  to  triple  expansion,  to  give  them  any  chance 
of  competing  favourably  with  the  more  modern  type  of  boat. 

In  the  tiiird  class,  I  include  thoae  boats  which  I  consider  obsolete,  and 
not  worth  the  coat  of  altering. 

For  the  first  class,  I  take  all  hoiita  built  since 

1880,  although  there  are  comparatively  lew  of 

them  with  triple  exjiunsion  engines,  Bay  ■--  S,iiii(l  ..  4,321,137 
Then  of  those  boats  built  from  187i)  to  1880, 1 

lake  one-half  as  being  fairly  economical,  and 

not  needing  to  l>e  altered  at  present,  say     ...         791     ...      ar)2,709 


Total 


For  the  second  claBs,  I  take  the  bsdaiicc  of  the 

boats  built  frtjm  I87ii  to  1880,  say 7!)0 

AUboatsbuilt  from  1871  to  1875           1,586 

And25 percent,  of  those  built  186C  to  1870,Bay  197 


I,033,53-2 
213,291; 


Total 


2,673 
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For  the  tliird  class,  I  take  the  iMtluuce  of  those 

built  186ti  to  1870  =  75  per  cent.,  say 
And  all  before  1866 

Total  


1,519 


.     039,887 
.      852,291 

,  1,492,178 


In  coDsidering  these  figures,  gentlemen,  you  must  remember  that  they 
are  only  apijroiimate — in  tbe  nature  of  things,  they  cannot  be  otherwise 
— for  taking  any  one  particular  boat,  it  may  lie  ii  moot  point  as  to 
whether  she  is  obsolete,  or  worth  re-engining— -^liethcr  bIic  is  good  for 
more  work,  or  shonld  l)e  altered  at  once.  But  I  think  I  have  rutber 
nnder  tbun  over-estimated  the  tonnage  in  the  serond  class,  and  it  is  with 
this  class  that  I  wish  now  more  parttcnlarly  to  deal.  Well  then,  can  we 
arrive  approximately  at  the  amount  of  work  to  be  done  to  those  2,573 
boats,  and  the  cc«t  of  doing  it  ?  Let  us  assume  that  only  onc-hnlf  m.'ed 
to  have  new  engines  and  high  pressure  boilers ;  that  would  give,  say — 
1,28C  boats,  with  gross  tonnage  1,54 1,768,  which  I  esLimato 

woidd  cost  for  engines  and  boilers         £5,000,000 

Shipwork,  probably 1,<IOO,00(1 

Cost  of  altering  the  engines  of  the  other  1,287  Ixrnts,  in- 
cluding new  boilers,  say 3,oriO,000 

Shipwork,  say  ...  5riH,(RiO 

£9,500,000 


Sow,  if  I  am  correct  in  my  premises  and  deductions,  this  amount  of 
£9,500,000  should  be  spent  at  once  on  these  2,573  boats,  or  they  will 
have  no  chance  of  competing  fa;ourably  with  other  boats  now  building. 
But  the  shipowner  naturally  asks.  Will  it  pay?  I  will  endeavour  to 
pnt  bim  iu  a  position  to  answer  tbe  qnestion  for  himself. 

r  estimate  the  engine  power  of  these  2,573  Ixiats  to  be  l,73O,fi0O  indi- 
cated horse-power,  and  taking  the  consumption  at  2^  lbs,  jer  horse-imwer 
per  hour  (and  considering  tbe  boats  I  am  dealing  with,  I  feel  pretty  sure 
that  1  am  within  the  mark),  and  allowing  250  steaming  days  in  the  year, 
we  have  a  total  consumption  of  II, .085,000  tons  of  coal;  but  let  us  reduce 
this  to  10,""O,O0O  tuns,  for  steamei^  do  not  always  run  at  their  full 
power,  and  then,  if  we  take  a  saving  of  only  20  jwr  cent,  for  the  triple 
expansion  engines,  we  have  a  saving  of  2,000,000  tons  of  coal  per  annum, 
Is  it  too  mnch  to  put  this  as  worth  20s.  per  ton,  considering  the  extra 
cargn  which  will  Ite  carried,  and  the  firet  cost  of  the  coal  ?     I  think  not. 
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f(jr  alDiongli  in  the  North  Atlantic  trade  the  saving  may  only  be  about 
15b,  on  the  round— owing  to  the  want  of  eargo  outwarda — yet,  in  oilier 
trades  the  saving  will  be  nmuh  greater,  m  that  308.  muy  be  taken  as  a 
fair  average. 

Now,  to  estimate  the  true  advantage  to  lie  gained  by  adopting  triple 
expansion  engines  nnd  high  pressure  Imilere,  we  must  dednct  from  the 
estimated  cost  of  £!),5i.i0,00(i  the  amount  which  must  necessarily  be 
spent  on  new  builera  and  Hhipwork.  whether  the  engines  are  altered  or 
not,  and  this  we  cannot  put  at  less  tlian  £3,500,000,  for  it  is  notorious 
that  many  steamers  can  hardly  go  to  sea  again  .without  new  boilers  and  a 
general  overhaul,  and  that  the  great  bnlk  of  the  steamers  1  am  now  deal- 
ing with  must  ha\'c  very  eonsideraltlc  snms  spent  upon  them  within  a 
very  short  time.  This  estimate  leaves  a  balance  of  £0,000,000  as  the  cost 
of  adopting  triple  expansion  engines,  against  which  ive  having  a  saving 
in  fuel  of  £2,oimi,000;  also  a  saving  in  wages,  as  there  would  be  2,0o0,(»00 
fewer  tons  of  coal  to  handle,  besides  other  expenses.  Surely,  a  good  return 
for  the  sum  expended. 

To  illustrate  this,  take  a  boat  with  engines  indicating,  say,  1,200 
horse-power,  but  whose  boilers  arc  worn  out.  To  replace  these  boilers 
with  new  ones  will  coat,  say,  £2,000,  and  when  done  you  have  gained 
nothing  in  ecoTiomy.  But  take  out  the  engines  and  Iwilers  altogether, 
and  pat  in  triple  expansion  engines  and  boilers  of,  say,  160  ll«.  pressure, 
which  can  be  done  for  about  £7,000  (excluding  shipwork  in  both  cases), 
and  take  the  consumption  of  the  old  engines  at  2^  lbs.  per  horse-power 
with  250  steaming  days  in  the  year,  which  gives  a  total  consumption  of 
8,000  tons,  we  have  a  saving — taking  it  at  20  per  cent, — of  1,COO  tone 
iwr  annum,  or  £1,C00  against  the  extra  cost  of  £5,000,  or  SO  per  cent. 

From  what  I  have  said  you  will  see  that  there  is  an  enormous  amount 
of  work  to  be  done,  especially  by  engineers,  in  addition  to  the  ordinary 
new  work ;  but  this  is  not  all,  for  within  the  next  ten  years  something 
like  2,500  of  the  steamers  which  I  have  placed  in  the  first  class  should 
also  be  re-engiued,  or  altered,  and  these,  taken  on  a  similar  basis  to  those 
in  the  second  class,  would  cost  another  £10,500,000. 

From  tbeae  calculations,  it  would  appear  that  there  should  be  some 
£20,000,000  spent  during  the  nest  ten  yeiire,  or  an  average  of  £2,o00,000 
per  antmm,  in  re-engining  the  present  fleet  of  steamers,  and  doing  otlier 
work  necessary  to  enable  them  to  compete  favourably  with  the  class  of 
steamers  now  lieing  built.  Will  this  sum  be  spent  ?  I  fear  not,  Bnt 
in  proportion  to  the  amoont  not  spent,  a  number  of  steamers  will  become 


Ifsaanil  less  capable  of  competing  and  become  nf  less  and  less  viilue,  unlit 
the  owner  finds  that  his  property  has  slipped  away  from  him — property 
which  might  have  been  eared,  had  the  necessary  expense  been  iDcnrrud 
in  good  Lime. 

Now,  if  Llie  owner  has  to  find  this  extra  capital,  it  in  the  duty  of  the 
euginecr  aad  tbo  Bhipbiiilder  to  aee  that  the  ainoaiit  is  laid  out  in  the 
best  poratble  way :  and  this  brings  nie  to  an  important  point :  have  ne, 
as  engiueera,  now  product-d,  in  the  tripk  expansion  engine,  the  beat  type 
of  engine  for  the  work  to  be  performed  ?  We  are  only  at  the  commence- 
ment of  the  transition,  from  the  compound  engine  with  boilere 
working  at  70  to  8ii  lbs.,  to  the  triple  cxpauBiou  engine  with  lioihrs 
working  at  lou  to  IGU  lbs.,  and  already  tliere  are  eigns  of  a  further  step 
forward,  to  qnadraplc  expansion,  or  rather  expansion  in  four  cyliudui's; 
but,  imtil  we  are  in  a  position  to  adopt  much  higher  pressures  than  even 
1110  lbs,,  there  will  be  do  economy  in  fuel  gained  by  the  four  over  three 
cylindere,  and  as  we  cannot  go  very  much  beyond  that  pressure  with  the 
present  type  of  boiler,  shipownem  ha\'e  nothing  to  fear  on  that  score  at 
present ;  and  yet  it  may  be  advantageous,  in  many  cases,  to  use  fonr 
cylinders  when  altering  the  ordinary  compound  two  crank  engines  to 
work  at  the  higher  presanre. 

It  is  for  yon,  gentlemen,  to  consider  well  these  questions,  and  to 
work  out  the  problem  of  still  greater  efficiency  in  the  propelling  power  of 
our  steamers  ;  and  onetif  tbu  great  advantages  of  such  an  Institution  as 
this  is  that  it  enables  the  writ^Tof  a  paper  to  have  his  ideas  thuraugbly 
criticised  by  practical  men  l«fore  he  puts  them  int<i  practice,  and  he  is 
thus  Gnublud  to  avoid  the  pit-falls  into  which  he  might  otherwise 
stninble. 

Now.  I  have  dealt  with  the  present  steam  fleet  and  its  condition,  and 
have  shown  you,  approximately,  the  amount  of  work  to  he  done  to  put  it 
in  good  working  order.  The  figures  I  have  given  you  are  of  serious 
impoi'tjince  to  the  <shipowner  on  account  of  the  large  additional  capital 
required,  and  to  the  engineer  and  shipbuilder,  because  the  expenditure  of 
thatamount  of  capital  would  enable  them  once  more  to  keep  their  woi'ks 
going  something  like  full  time. 

But  there  are  other  reflections  caused  by  the  consideration  of  the 
Table  which  I  have  laid  before  yon,  for  we  have  seen  that  there  has  been 
a  gradual  and  rapid  increuac  in  the  average  size  of  steamers  during  the 
last  thirty  years,  and  this  raises  the  question,  Is  the  size  to  go  on 
increasing  ?    I  think  so ;  for  it  uaa  the  introduction  of  iron  in  place  of 
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wood  whicli  firet  enHl)led  us  to  inatepinlly  increase  the  size  of  vefHolsj  and 
now  with  the  introduction  of  Btecl  there  is  hardly  any  limit  to  which  we 
may  not  go,  us  far  as  mere  strength  is  concerned.  Owners  have  also 
found  out  that  the  hirger  tlie  vessel  is  the  lietter  she  will  i»aT,  proriding 
that  thei'e  is  the  curjfo  and  the  necesaarj  acconimodation  for  her;  and  we 
further  sec  that  a  coiisttiut  developnieDt  is  lukiug  ]i1a,ce  in  most  of  the 
large  harbours  of  the  world — a  development  more  than  kee[>in^  pace 
with  the  increasing  size  of  the  vessels  using  them. 

Now,  it  is  our  duty  as  shipbuildei's  and  cu^neers  tu  usgist  this 
development  by  studying  carefully  the  problems  involved  in  the 
designing  and  construction  of  these  enormous  vessels  and  their  engines 
and  Iwilers,  ever  bearing  in  mind  the  great  desideratum  that  tlie  cargo 
shall  be  taken  i[i  at  one  port,  carried  safely  to,  and  discharged  at  the 
other,  Rt  the  lowest  possible  price  per  ton. 

In  passenger  steamers  the  problems  become  more  complicated,  for  in 
addition  to  the  other  requirements,  we  have  that  of  enormous  speed,  for 
people  are  not  now  satisfied  to  travel  across  the  waters  at  the  speed 
which  was  considered  satisfactoi^  only  a  very  few  years  ago.  Now, 
although  our  Institution  is  only  in  its  third  year.  I  tliink  we  have  several 
members  both  willing  and  able  to  solve  these  problems  satisfactorily,  and 
who  ure  quite  prewired  to  bitiid  steamers  which  will  excel  any  now  afloat, 
if  it  is  the  desire  of  the  shipowner  to  have  them  built;  the  only  point  I 
would  like  to  urge,  so  as  to  prevent  faihire,  is  that  each  step  forward 
should  be  gi-adual  and  well  eonsidei'ed,  due  advantage  bring  tiiken  of 
pre V ions  esperience. 

Let  us  be  satisfied  if  we  beat  previous  record  by  one  or  two  knots  at 
a  time,  and  not  aim  at  jumping  up  fram  16  or  IS  knots  to  30  or  40 
knots,  as  we  heard  was  being  attempted  on  the  other  side  of  the  Atlantic 
a  short  time  ^o. 

We  will  reach  30  knots  some  day,  bnt  it  will  only  be  done  step  by  step. 

These  are  high  speeds  to  contemplate,  but  probably  engineers  may  be 
assisted  in  obtaining  them,  not  only  by  the  diminished  cousumption 
caused  by  the  adoption  of  triple  eximnsion  engines,  but  alsi>  by  the  de- 
creased weight  of  machinery  caused  by  the  nse  of  forced  draught  and 
higher  piston  speed. 

Now,  many  of  us  have  felt  onr  spirits  cast  down  during  the  past  two 
or  three  years  when  looking  at  our  almost  empty  workshops,  and  the 
tliousands  of  workmen  standing  idle  in  the  streets,  and  the  gloom  over 
many  has  grown  deeper  and  deeper  until  some  have  almost  despaired  of 
tlie  future. 
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Bat  I  hope  that  I  have  done  a  little  to  dispel  thig  gloom,  both  frora 
employers  and  employed,  for  I  have  shown  yon  whence  work  must  oome 
if  our  shipowners  ore  to  maintain  their  prond  position. 

And  let  iia  also  bear  in  mind  that  tnily  fundamental  law — the  law  of 
change — a  law  which  allows  nothing  to  stand  absolutely  still,  for  if  wc  do 
not  more  forward  we  recede,  and  onr  places  are  filled  by  others.  Every 
improTement  in  marine  engineering,  every  development  in  the  size  and 
power  of  onr  steamera,  enforc-ea  this  one  great  law,  and  the  shipowner  who 
will  not  resolntely  face  the  inevitable  mnst  stand  to  one  side,  and  see  a 
new  generation  take  his  place  having  the  nerve  and  determination  to  keep 
well  to  the  front. 

Look  where  we  may  wc  see  this  inevitable  law  holding  sway,  and  it 
means  work  for  the  worker.  We  have  seen  oar  "  wooden  walls  "  displaced 
by  those  of  iron  ;  wc  are  now  seeing  the  r^pid  substitntion  of  steam  as  a 
driving  power  in  place  of  sails ;  we  have  seen  the  substitution  of  the  screw 
for  the  paddle  ;  of  the  surface  condenser  for  the  jet  condenser  ;  then  the 
step  forward  to  the  compound  engines  working  at  60  lbs,;  and  again  to 
the  triple  espansion  engines  of  160  lbs. 

In  material,  we  see  iron,  which  so  lately  superseded  wood,  now  giving 
place  to  steel ;  and  so  forward  we  must  continue  to  move,  over  advancing 
to  something  better  if  wc  are  not  to  be  left  behind  in  the  race. 

May  we  then,  as  members  of  this  Institution — as  shipbuilders — as 
engineers — as  shipowners— each  and  nil  be  determined  to  Ix;  the  first  and 
not  the  last  in  this  race  ;  and  then  ive  need  never  despairof  the  fnture, 
for  we  shall  continne  to  bnild  the  fleets  of  the  world,  and  help  to  main- 
tain onr  country  as  Empress  of  the  seas. 


Mr.  Wa.  BoTD  said,  it  had  occurred  to  him,  that  owing  to  preceding 
events  it  might  be  suitable  that  he  should  take  upon  himself  to  propose 
a  vote  of  thanks  to  the  President  for  his  very  admirable  address.  ne{Mr. 
Bojd)  better  i^rliaps,  than  most  people  in  the  room,  could  appreciate 
the  labour  involved  in  such  an  address  as  that  just  read  ;  and  he  could 
also,  on  behalf  of  the  audience,  convey  their  appreciation  to  the  President 
for  the  figures  and  statistics  which  he  had  given.  These  statistical 
papers,  of  which  this  was  one  to  a  certain  extent,  were  sometimre  diy 
reading,  and  were  sometimes  apt  to  convey  an  impression  of  being  a  lot 
of  fignres  strung  together;  but  the  present  address  was  something  more 
than  this.     The  position  of  their  President  in  the  profession  and  his 
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high  character  would  ennble  them  to  feel  aare  that  the  figurea  presented 
to  them  that  night  were  abaolntely  reliable,  and.  that  being  so,  the  deduc- 
tions and  coucIusionB  to  be  draivn  therefrom  afforded  a  most  wide  and 
intoi-estirg  stadj.  The  address  was,  he  thought,  a  good  example  of  the 
great  advantafre  to  be  derived  by  such  an  Institution  as  ours,  by  the  law 
of  change  and  progress  referred  to  in  it.  It  was  essentially  different 
from  the  two  prerioHs  addresses,  and,  in  fact,  was  typical  of  the  advance 
from  the  "  componnd  "  engine  of  80  lbs.  pressure  to  the  present  "  triple 
expansion "  system.  With  regard  to  the  subject  treated  upon  in 
the  address,  he  would  take  the  literty  of  saying  a  word  or  two,  because 
lie  knew,  ^omg  back  to  his  own  experience,  it  would  be  satisfactory  to 
their  President  that  the  address  should  not  be  looked  upon  simply  as  a 
scientific  treatise,  but  that  it  should,  so  far  as  their  limit  of  time  went,  be 
treated  upion  its  merits.  It  opened  np  a  number  of  interesting  qnes- 
tions,  with  which  many  gentlemen  present  that  night  were  capable  of 
dealing.  There  was,  of  course,  an  immense  deal  of  matter  in  the  Presi- 
dent's address,  which  could  be  dealt  with  at  very  groat  length,  but  there 
were  only  one  or  two  points  upon  which  he  wished  to  claim  tlieir  atten- 
tion. In  one  of  the  local  papers,  which  were  good  enough  to  make  a 
very  favourable  notice  of  their  Institution  daring  the  last  few  days,  ho 
thought  that  one  very  good  point  was  brought  out,  and  it  was  this : — 
"That  because  a  paper  had  been  read  upon  anyone  given  subject,  it 
would  be  unwise  that  that  subject  should  be  considered  entirely  ex- 
hausted." Their  President  brought  out  this  point  to  a  certain  eitont, 
but  he  ventured  to  think  not  to  the  extent  to  which  it  might  have  been. 
The  President,  on  page  IC,  alludes  to  the  weight  of  machinery,  hut  only 
incidentally.  Now,  from  such  eases  as  he  (Mr.  Boyd)  hud  had  the  oppor- 
tunity of  investigating  alterations  to  vessels,  in  almost  all  of  them  the 
extra  cargo  to  bo  carried,  due  partly  to  the  saving  of  bunker  cai)acity, 
was  oonsiderahle,  and  his  point  was  that,  although  Mr.  Mai'sball  and  Mr. 
"Weighton  had  in  their  paper  dealt  very  exhaustively  witli  the  compara- 
tive weights  of  the  "  high  speed  engines,"  still  he  Ixdievod  the  subject 
was  not  an  exhausted  one,  their  paper  had  only  touched  the  fringe  of  the 
matter.  In  the  subjects  of  weights  of  macliinery  for  cargo-carrying 
vessels  there  was  a  field  for  investigation  wliich  was  well  worth  the  atten- 
tion of  the  members  of  that  Institution.  There  was,  he  continued,  an 
old  proverb  which  said  :  "  Hope  springs  eternal  in  the  human  breast," 
and  they  had  to  draw  largely  uixm  their  reserves  in  this  respect,  and  he 
thought  their  President  had  given  them  a  great  lift  forwai-d  that  night ; 
but,  apart  from  the  sentimental  iissistauce.  be  believed  their  President  had 
bronght  subjects  before  them  which  would  he  well  worth  the  conaidera- 
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tion  of  all  those  who  were  eng^ed  I'n  such  enterprises,  and  he  thought 
that  their  Institution  owed  a  verj  cordial  vole  of  ihonks  to  their  Presi- 
dent, which  he  had  much  pleasure  in  proposing. 

Mr.  E.  S,  White  aiid,  in  rising  in  reBi)onBe  to  on  invitation  to  second 
the  vote  of  thanks  to  their  President  for  ttie  very  admirable  address  he 
had  delivered  to  lliera,  he  did  so  witli  considerable  diffidence ;  at  the  same 
time  he  had  great  plea.sure  in  healing  testimony  to  the  great  .importance 
of  the  address,  from  a  shipbuilder's  point  of  view,  in  the  information  it 
had  brought  before  them  ;  and  no  one  cnnld  look  at  the  Table  on  page 
J(t,  wherein  the  immense  prodnction  since  1880  was  given,  without  a 
feeling  of  surprise  at  the  fact,  that  nearly  one-half  of  the  whole  steamsliip 
tonnage  afloat  had  been  produced  sinte  that  date ;  and  lie  thought  that 
dnring  those  four  or  five  years  very  few  engaged  in  shiplniilding  realised 
the  tremendoQB  amount  of  work  that  was  heing  tumed  out,  although  it 
was  evident  to  each  and  all  of  them,  very  much  pressnre  had  been  brought 
to  bear  on  the  power  of  production  during  that  time:  their  thanks 
were  due  therefore  to  their  President  for  the  great  care  and  trouble  he 
had  taken  in  bringing  so  much  valuable  information  before  them.  They 
might  not  be  able  to  look  forward  to  repeat  in  the  next  year,  or  even 
perhaps  two  years,  their  experience  of  1880  to  188i,  during  which  the 
great  bulk  of  the  four  and  a  Iialf  million  tons  referi-ed  to  by  the  President 
had  been  produced.  He  hoped,  howewr,  that  the  shipowuei-s,  whose 
interests  were  so  much  concerned  and  at  stake,  would  favourably  consider 
the  proposals  and  anticipations  made  to  them  by  the  President,  and  that 
they  wonld  be  induced  to  at  once  dispense  some  lai^  proportion  of  the 
proposed  twenty  millions,  He  considered,  liowcver,  at  the  same  time,  that 
Che  proposals  made  came  rather  hard  on  shipbuilders  as  they  were  thrown 
somewhat  in  the  cold,  the  balk  of  the  proposed  expenditure  being  allo- 
cated to  engineers  and  ship  repairers,  rather  than  the  shipbuilder.  It, 
therefore,  l>ecomo8  the  duty  of  the  latter,  to  sec  whether  it  is  not  possible 
80  to  design  and  build  new  vessels  of  increased  tonnage,  of  steel  instead 
of  iron,  and  with  triple  expansion  engines  and  other  "latest  improve- 
ments," that  they  would  give  such  advantages  in  the  cheap  transit  of 
goods  from  one  port  to  another,  as  would  beat  altogether  any  proposals 
that  could  possibly  be  made  for  converting  or  re-organiaing  old  steamers. 
He  thought  this  could  bo  done,  and.  if  so,  then  the  shipbuilder  might 
ahto  look  forward  to  a  very  fair  share  of  the  proposed  expenditure.  He 
conclnded  by  seconding  the  vote  of  thanks, 

Mr.  John  Price  said,  be  rose  for  the  purpose  of  giving  a  very 
cordial  welcome  to  the  President,  and,  having  the  moat  intimate  jxissilile 
relaiiouH  with  Himderland,  bad  all  the  mui'e  satia&ictiun  in  seeing  a 
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Sunderland  mnn  occupying  so  nbly  the  distlngnished  ponitiou  of  President 
of  this  Institution.  He  begged  to  call  to  the  attention  of  the  meeting 
that  the  discussion,  bo  far,  had  proceeded  in  the  hearing  of  members  who 
ore  shipownei-s.  The  observations  of  members  taking  part  in  the  dis- 
cussion should,  therefore,  not  be  ojwn  to  destructive  ciiticism  from  their 
'shipowning  friends,  and,  therefore,  he  would  venture  to  point  ont  one  or 
two  instances  in  which  the  admirable  address  of  their  Pi-esident  might 
be  open  to  objection.  (1)  The  inference  likely  to  be  deduced  from  the 
proportion  which  tbe  tonnage  built  in  the  last  five  years  bore  to  the  whole 
of  that  now  afloat,  namely,  ii  per  cent.,  would  be  that  an  csccas  of 
tonnage  had  been  built  within  the  first  named  period — I8811-S6 — in 
comparison  with  what  had  been  built  in  the  otiier  periods  mentioned  in 
the  address.  If,  however,  wo  conwder  that  the  law  of  change  has  been 
operating  upon  vessels  built  in  the  earlier  periods,  and  has  not  bad  a 
proportionate  time  to  oiwrate  upon  the  tonnage  built  witliin  tite  last  five 
years,  it  will  be  seen  at  once  that  the  comparison  of  one  period  with  the 
other  is  scarcely  fair.  To  have  sliowu  the  amount  of  tonnage  recently 
built  with  the  amount  built  in  earlier  periods,  would  have  enabled  a 
correct  estimale  to  have  been  formed  of  the  total  produce  in  the  variouB 
periods ;  but  to  any  that  we  have  a  certain  proportion  of  the  whole  built 
within  the  most  recent  period,  and  but  only  a  very  much  smnller  projx)r- 
tion  aflcrat  of  that  built  in  the  much  earlier  period,  is  to  ignore  tbe  eflect 
of  the  law  of  change,  or,  iu  other  words,  of  tlie  operation  of  disasters 
and  other  causes  which  remove  touuage  out  of  cxiBtence.  and  to  lead  to 
the  unsound  inference  that  building  of  late  years  has  lieen  greatly  in 
excess  of  the  requirements  of  trade.  To  give  this  an  application  he  would 
take  the  case  of  his  own  company,  who,  during  the  last  thirty  yeara,  have 
built  alwut  530  sea-going  vessels.  Of  this  number,  about  HoO  are  now 
afloat.  During  the  last  five  years  140  of  tlicKe  have  been  built,  leaving 
210  as  having  been  built  before  1880.  If  it  should  be  argued,  therefore, 
that  our  building  during  the  past  five  years  has  lieen  iu  the  proportion  of 
140  to  210,  namely,  OG  per  cent,  of  all  those  afloat,  it  would  create  an 
entirely  erroneous  impression.  Particnlarly  will  this  appear  when  it  is 
further  considei'ed  that  of  the  530  vessels,  ISu  have  been  removed  from 
existence  by  the  operation  of  ordinary  canses,  while  only  four  of  which 
have  been  removed  during  the  past  five  years.  lie  thought  this  con- 
clusively showed  that  to  deduce  auy  argument  from  the  proportion  of 
tonnage  built  during  the  last  five  years,  as  compared  with  the  total  tonnage 
now  afloat— as  either  against  or  in  favour  of  our  present  ciipabilities  of 
production — would  be  imiJittctioable.  Briefly,  he  would  say  that  the 
tonnage  built  dui'iug  the  laei  five  yuui-B  was  not  abuormal,  uo  mure  than 
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what  nsnally  tnkcs  place  nnder  ori^innrr  cirenmatanees,  when  production 
is  stimnlated  \ij  htgli  prices,  and  n  subsequent  depression  throws  out  of 
employment  a  portion  of  what  has  been  produced  and  employed  np  to 
the  period  when  the  depression  set  in.  During  tlio  last  five  years  it  la 
probable  that  the  longevity  of  vessels  has  been  promoted  by  improve- 
ments in  design  and  machinery,  because  everything  which  is  an  clement 
of  safety — and  some  elements  which  are  purely  those  of  economy — have 
a  direct  efiect  on  lessening  the  chances  against  the  life  of  a  ship.  The 
enormous  tonnage  produced  duiing  the  past  fire  years  is  not  due  simply 
to  the  normal  growth  of  trade ;  the  larj^e  pitipoition  built  to  foreiijii 
account  is  only  to  be  explained  ijy  Bup[>osin{f  that  foreign  saihng  wooden 
vessels  hare  been  sabstitnted  by  steamei's.  Alt'>gether.  new  trades  have 
also  been  developed,  and  these  two  eircumstances  have  added  tlieir 
demands  for  tonnage  to  the  normal  development  of  trade.  He  believed 
it  scarcely  praclieablc,  with  the  present  means  of  comnmnication,  that  the 
intelligent  communities  of  shiix)wners  and  shipbuilders  in  (>reut  Britain 
should  commit  ao  great  a  folly  as  to  lai^ely  overbuild.  This  was  no 
doubt  done  in  earlier  periods,  more  or  leas,  but  is  lesn  liable  to  he  done 
now.  (:i)  With  regard  to  the  effect  of  rce-ent  improvements  in  marine 
engines  upon  the  tonnage  now  in  existence,  alluded  to  so  ably  by  the 
President,  he  wished  to  expreM  a  very  clear  opinion  that  the  conversion 
of  old  ships,  in  many  cases,  would  run  a  very  tight  race  with  the  very 
best  types  of  new  shiiw  fitted  with  new  engines.  It  is  possible,  in  mauy 
cases  to-day,  to  buy  old  vessels  at  such  a  figure  as  would  enable  thc-m  to 
be  re-engined  and  boilered  at  so  low  a  value  as  to  make  them  a  better 
investment— notwithstanding  difTerences  of  type  and  material  of  which 
they  are  built.  He  would  give  a  case  in  point,  where  a  vessel,  which 
he  knew  capable  of  carrying  2,S0Ci  tons,  and  which,  at  the  present  time, 
was  entirely  devoid  of  profit-eaniing  power  and  not  worth  more  than 
£5,000— -the  valne  of  the  hnll.  If  £5,0(K>  were  spent  on  this  vessel  in 
replacing  the  engines  and  boilers  by  those  of  the  newest  type,  she  would 
then  represent  a  value  of  £10,000,  and,  carrying  2, COO  tons,  would 
bet-ome  a  better  investment  than  anything  that  could  be  built.  Id  his 
opinion,  many  hundreds  of  vessels,  built  ivithin  the  last  period  named  by 
the  President,  would  not  suffer  by  comparison  with  those  built  to-day  as 
to  form  and  general  fitness  for  trade,  and  which,  when  the  time  came,  if 
fitted  with  new  machinery,  would  be  equal  to  anything  that  could  Ix; 
prodaced  at  the  present  day,  with  the  single  difference  that  steel  shijjs 
being  lighter,  carry  relati\ely  a  larger  dead-weight.  He  agreed  with  the 
President  that  the  matter  was  of  the  first  importance  to  shipowners,  next 
in  irnjioriiiiice  to  themfelves,  and  that  these  works  should  be  undertaken, 
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Willi  the  least  poasiblu  delay,  to  being  tlie  eiioriiious  amount  of  idii:  capital 
into  operation,  He  concluded  lij  bearing  testimony  to  the  cxceUeoee  of 
the  President'B  address. 

Mr.  S.  P.  Austin  said,  aa  a  sliipbtiilder  fi-om  Sunderland,  he  fhoiild 
not  like  the  opfHirtiinity  to  pass  witlioat  exprcBsiug  tiie  extreme  pleasure 
they,  on  that  rifer  ftlt,  at  hiiving  one  of  its  shipbuilders  aa  President  of 
that  Institution,  He  was  somewhat  alarmed  at  the  figures  the  President 
had  given  them,  for  whilst  ho  had  pointed  out  from  whence  a  large  share 
of  work  miyht  come,  in  altering  existing  Etearaers,  if  the  builders  of 
the  United  Kingdom  had  during  the  past  six  yi^ars  produced  half  of  the 
steam  tonnage  of  our  present  mercantile  fleet,  the  operation  could  be 
I'eadily  i-ejieated.  It  seemed  to  him,  therefore,  that  our  power  of  pro- 
duction was  too  gi-eat  for  the  world's  demands,  and  ho  thought  they 
would  have  to  curtjtil  their  production.  No  doubt  the  wants  of  tlie 
world  were  increasing  steadily,  and  they,  as  Englishmen,  were  I'esolved 
that  no  foreign  nation  should  take  away  from  them  what  they  felt  to  be 
their  right,  and  that  was  the  construction  of  the  lion's  share  of  the  carry- 
ing power  of  the  world.  He  should  like  to  hear  the  subject  discussed 
further,  as  it  had  now  arrived  ala  moat  important  point.  His  own  impres- 
sion was  that  they  had  the  power  of  producing  far  mure  vessels  than  the 
world  conld  continue  to  gii'e  them  orders  for.  He  thought  it  would  be 
very  much  better  to  have  a  steady  supply  of  a  mudcrato  number  of  orders 
rather  than  a  few  yeara  of  excessive  demand,  alternately  followed  by  a 
number  of  yuara  of  famine.  He  was  of  opinion  that,  as  shipbuilders  and 
engineei's.  they  would  have  to  resolve  gcneraily,  for  it  eould  not  other- 
wise be  introduced,  to  revert  to  the  system  to  which  they  were  accus- 
tomed in  the  construction  of  the  wooden  walls,  he  meant  the  system  of 
huildiug  vessels  on  time  wages,  to  the  exclusion  of  piece  work,  and  so 
continue  to  carry  out  the  works  with  more  satisfaction  to  the  employer 
and  employed.  The  piece  work  system,  in  his  opinion,  was  very  much 
at  the  root  of  the  evil  of  the  depression  they  were  suffering  from.  If  the 
time  work  system  were  universally  introduced,  he  believed,  from  his  own 
experience,  that  the  change  would,  after  a  (air  trial,  be  appreciated  by 
Ixith  the  employer  and  employed.  He  concluded  by  supporting  the 
resolution. 

Mr.  <}.  B.  Hdntbr,  in  rising  to  support  the  vote  of  thanks,  said, 
the  subject  chosen  by  llic  President  for  Lis  address  was  indeed  a  very 
interesting  one.  It  must  have  been  felt  to  be  so  by  our  shipowning 
friends,  and  it  must  also  hare  been  intei-estiug  to  ihumst'Ivcs  as  en- 
gineers and  shipbuilders.  Although  it  seemed  to  him  that  the  shi[i- 
bnilders  were  rather  shared  out,  slill  he  lelt  encouraged  and  very  much 
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SO  both  in  hearing  the  addi-esa  of  the  President,  and  in  Ihclhonghta  wliidi 
it  haJ  8(io:|iested.  It  had  Iteen  pointed  ont  by  Mr.  Wliite  tliat  there  was 
a  possible  alternative  mode  of  spending  what  must  ha  expended,  iind 
that  instead  of  solelj  converting  the  enf^ines  or  putting  new  engines  into 
old  hnlls,  it  might  be  thought  m  ire  profitable  to  spend  the  money  in  new 
vessels  altogether.  Theixt  was  oue  thing  to  wiiich  Mr.  Price  had  omitted 
to  givti  due  weight,  and  that  was,  that  the  new  vessels  which  were  now 
being  built  were  not  iron  hut  steel  ships.  It  was  a  great  improvement  to 
have,  instead  of  either  a  new  or  old  iron  sliip,  a  steol  ship,  and  one  larger 
and  better  proportioned — to  have  a  new  tool  instead  of  one  half  new 
and  half  old.  He  did  not  contend  that  the  advantages  to  be  gaineil 
from  the  nse  of  steel,  instead  of  iron,  were  quite  so  large  as  the  President 
estimated,  from  the  adoption  of  the  triple  expansion  engines.  Still  they 
did  know  there  waa  a  very  substantial  improvement,  that  steel  sliips 
were  being  built  to  compete  very  much  better  than  old  iron  steamers 
with  the  low  rate  of  freights  now  obtainable.  In  striking  a  balance  of 
advantages  and  disadvantages  between  re-engining  and  rc-bnilding,  the 
advantages  wonid  be  found  more  lai'gely  on  the  side  of  re-building  than 
"Mr,  Price  indicated.  Mr.  Austin,  he  thought,  took  rather  too  despond- 
ing a  \'icw,  especially  as  the  President  in  his  address  had  only  dfalt  and 
only  meant  to  deal  with  oue  sonrcc,  and  that  not  quite  the  most  im- 
portant source,  from  wliich  they  might  expect  nork  to  come.  Many 
considerations  could  be  touched  upon,  to  show  thut  they  miglit  e«i)ecl 
Tery  much  more  sUipbuiliUug  work  than  the  President  had  indicated. 
Taliiug  the  President's  figures  showing  the  amount  of  tannage  of  steam- 
ships afloat  to  be  about  ten  million  tons,  lie  thought  they  might  fairly 
estimate  that  the  nunual  loss  would  lie  at  least  3  to  ^  per  cent.,  and  to 
replace  that  annual  loss,  say,  at  3  per  tent,  only,  would  give  them  3UO,0()0 
tons  a  year  in  addition  to  what  the  President  stated ;  multiplying  this 
8110,000  tons  by  m  would  give  them  a  tonnage  of  3,000,000  to  supply 
at  something  like  £12  per  ton  register  over  all  (which  he  thought  very 
moderate,  taking  into  consideration  the  small  vessels  and  large  passenger 
steamers),  lliis  would  add  a  further  sum  of  £86,000,UO(i  for  the  ten 
years.  In  addition,  the  steamers  placed  by  the  President  in  the  third 
class  as  obsolete  and  not  worth  the  cost  of  altering,  about  I,50u,000 
tons,  would  have  to  be  replaced,  and  they  might  also  hope  for  an  expan- 
sion of  the  world's  commerce  such  as  would  require  an  addition  of  five 
per  cent.,  or  !>oo,00o  tons  annually,  to  lie  made  to  the  world's  steamship 
tonnage.  The  President  in  his  address  had  not  dealt  at  all  with  sailing 
ships;  of  couree,  the  work  of  replacing  sailing  sliipa  by  Bt^nmshipH  would 
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go  on  further.  There  was  the  prospect  of  a  great  volnrae  of  Bhip^aild- 
ing  and  engiueuring,  but  ii  still  greater  power  of  prodndng  it. 

Mr.  0.  W.  HuTCHiKSO.v  saiil,  that  as  a  Xewcastle  man,  he  roae  to 
express  liis  satisrartion  at  the  prominent  part  which  hiid  been  taken  in 
the  work  of  the  evening  by  Sunderland  memljcrs.  But  he  would  remind 
them  that  the  paper  which  had  jnat  been  read  (if  the  inaugural  address 
might  be  called  a  paper)  was  onlj  the  second  that  had  been  contributed 
from  Sunderland.  He  also  desii'ed  to  support  the  vote  of  thanks  to  the 
President  for  hia  addresa,  and,  rorerring  to  it,  he  would  remark  in  passing, 
that  the  gain  from  reduced  quantity  of  eonl  required  when  old  engines 
were  replaced  by  those  more  efficient  was  not  to  be  calculated  simply 
from  the  prictis  of  coat  in  Newcastle,  but  also  on  tlie  price  of  coal  in 
foreign  ports,  which  was  ofU;n  a  very  large  lactor  of  the  profits.  With 
reference  to  the  general  increase  of  size  of  steamers,  it  was  interesting  to 
see  how  these  appeared  to  have  the  power  of  demanding  increased  port 
facilities,  as,  for  instance,  about  twcuty-five  years  ago,  the  jxirt  of  New- 
castle was  available  only  for  vessels  up  to  50U  tons,  whereas,  at  the  pre- 
sent time,  a  vessel  of  ten  or  eleven  thousand  tons  is  building  above 
bridge,  and  will  soon  be  floating  and  moving  on  the  Tyne. 

Mr,  Wsi.  Boyd  then  put  the  vote  of  thanks  to  the  meeting,  which 
was  carried  with  acclamation. 

The  PitESiDEST  said,  in  the  first  place,  would  they  allow  him  to  thank 
Mr.  Boyd,  Mr.  White,  and  the  other  gentlemen  for  the  way  in  which  they 
had  proposed  the  vote  of  Ihnnks  ?  Unfortunutely,  it  was  a  little  difficult  to 
reply  to  the  speeches  which  had  Iwcn  made,  because  they  had  been  so 
favourable ;  he  had  eipec'ed  to  have  had  some  adverse  criticism,  He  had 
only  merely  touched  the  fringe  of  the  whole  question.  For  instance,  Mr. 
Price  had  touched  upon  several  points,  which  he  had  in  mind,  but  he  felt 
there  would  be  no  end  to  his  addi'ess  if  he  went  fully  into  all  the  questions 
connected  with  it.  Re  limited  himself  to  one  branch  of  the  sutjject,  and 
that  was  to  ascertain  from  whence  immediate  improvement  might  be  ex- 
pected to  come  for  the  engineer  and  shipbuilder.  If  he  hod  gone  further, 
he  might  have  touched  u  jmn  sailing  ships,  of  which  he  saw  by  Lloyd's  book 
there  were  something  like  11,(100.000  tons  afloat,  and  of  which  a  large 
proportion  must  be  replaced  by  steamers,  for  the  loss  every  year  in  sailing 
ships  was  much  greater  than  the  new  sailing  tonnage  built.  He  would 
say  nothing  more  ttian  express  his  thanks  for  the  way  in  which  they  bad 
received  hia  address,  which  more  than  repaid  him  for  any  trouble  be  had 
taken. 

Ttiis  concluded  the  business  of  tlie  meeting. 
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PROCEEDINGS. 


SECOND  GENERAL  MEETING  OF  THE  SESSION,  HELD  IN  THE  LECTURE 
HALL  OP  THE  LITERARY  AND  PHILOSOPHICAL  SOCIETY,  NEW- 
CASTLE-UPON-TYNE, ON  WEDNESDAY  EVENING,  10th  NOVEMBER, 
1886. 


W.  THEO.  DOXFORD,  Esq.,  Pbksidknt,  in  the  Chaib. 


The  Secretary  read  the  minutes  of  the  preceding  Annual  Meeting, 
held  iu  Newcastle-upon-Tyne  on  October  13th,  1886,  which  were  ap- 
proved by  the  members  present,  and  signed  by  the  President. 

The  ballot  for  new  members  having  been  taken,  the  President 
appointed  Messrs.  A.  Laing  and  J.  Tweedy  to  examine  tlie  voting 
papers,  and  the  following  gentlemen  were  declared  elected  : — 

MEMBERS. 

Allison,  John,  2,  St.  George's  Road,  Leyton,  London,  E. 
Bell,  Robert  T.,  2,  WiUiam  Street,  Jarrow. 
Backland,  Henry  B.,  Walker  Boiler  Works,  Low  Walker. 
Crawford,  James,  9,  Custom  House  Court,  Quayside,  Newcastle. 
Davison,  John  W.,  The  Crescent,  Low  Fell,  Gateshead. 
Dixon-Brown,  Lionel  D.,  Unthank  Hall,  Haltwhistle. 
Edmiston,  James  B.,  Ivy  Cottage,  Highfield  Road,  Liverpool. 
Gilroy,  Thomas  R.,  Messrs.  Harhind  &  Wolff,  Belfast. 
Hamilton,  John,  17,  Mowbray  Street,  Heaton. 
Headlam,  Robert,  5,  Edward  Street,  Stockton-on-Tees. 


YOU  IIL-ISBS. 


D 


I  I'HOCBEDINGS. 

Milton,  J.  T..  Mcura.  R.  k  W.  HawCliam,  Lealie,  i  Co.,  Ht.  Pet^^r'i 

Harriwu,  Bobert,  5,  Ctudloucr  TeirBOe,  Sonth  Shields. 

Plotnioki,  Edmund  C,  102,  Went  Pi-rcj  Street,  North  SliicldB. 

liwdhead,  W.  B„  Sea  View,  Houtb  Shieldi. 

Rob«an,  Tbomwi,  14,  Richmond  CreKent,  Bunflbory,  London,  N. 

Kowui,  Jamm.  231,  Elliot  Sti«et,  Olugow. 

tjhottoa,  John  W.,  36,  Hc»t<iu  Park  Road,  Newcastle. 

Sievcwrigbt,  Ocorge  W..  5.  RttdcURe  Terrace,  Hartlepool. 

Knowden,  William  i'.,  Salter's  Road,  Ooafurth,  Nencutle. 

Sonlibj,  James  C,  2,  Stacej'  Rood,  CardiH. 

Tinn,  i>'rederiek  □.,  5,  Hawthorn  Terrace,  Suutli  Shields. 

WiloB,  John  W.,  123,  Clifford  Street,  Bj'Ver,  Nowcuitlc^. 

WiUon,  It.  D.,  S4,  Gloucester  Street,  NewcasUe. 

GRADUATE  DESIRING  TO  BECOME  MEMBER. 
Garnitt,  Herliert  A„  16,  Grove  Street,  Newcastle. 

ASSOCIATES. 
Carr,  Ralph,  25,  Clarcmont  Ph»ce,  Newcastle. 
McNahb,  TlionuM,  Coil's  Buildinga,  Qnajaide,  Newcastle. 
Ward,  Joseph,  Messrs.  Wallsend  Slipwwj  Co.,  Wallsend-on-Tjne. 

GRADUATES. 

Anderson,  Rohert.  21.  Picton  Place,  Newcastle. 
Blackctt,  Walter,  6,  Windsor  Crescent,  Newcastle. 
Bmrnwell,  Balfonr,  20,  Beverley  Terrace,  Cidlerooata. 
Miller,  Thomas  B.,  3,  Tbo  Crescent,  Gateshead. 
Manro,  Alexander,  20,  LioakiU  Terrace,  North  Shields. 
Munro,  Hvnry  J.,  47,  King  Street,  North  Shields. 
Noble,  Robert,  13,  Prospect  Temce,  Jarronr. 
Towers,  Edward,  Jan.,  i,  Latimer  Street,  Tjnemoutli. 


The  following  paper,   prepared  by  Messrs.   B.  (},  Nichol  and  J. 
Gmrell,  on  '■  The  Use  and  Transport  of  Liquid  Faef,"  was  then  read : — 


THE   DSB  AND  TRANSPORT   OF    MQUID    FUEL. 


,  B.  Q.  NICHOL  AKB  J.  liRAVELL. 


Since  the  first  oil  well  was  drilled  in  America,  iu  the  year  1850,  tlio 
petroleum  indnstrica  of  the  world  have  advanced  apace,  and  thU  natural 
oil,  apart  from  all  other  purposea  to  which  it  is  or  may  t>c  applied,  is 
apparently  destined  to  prove  a  forniiduble  rival  to  coal  us  u  fuel,  which  it 
has  largely  fiup«!rBeded  in  »L-rtain  couulriea  at  the  present  day. 

General  Valentine  Baker,  who  traversed  the  Caspian  region  in  1873, 
says  of  it,  in  bis  "  Clouds  in  the  East,"  "  The  fuel  is  not  highly  infiam- 
mable,  and  its  nae  seems  perfectly  safe  and  under  control.  Vessels 
originally  fitted  for  burning  cohI  can  burn  this  liquid  fuel  with  very  little 
alteration.  One  stoker  is  sufficient  Tor  a  lai^e  steamer.  All  the  engineers 
of  vessels  burning  petroleum  speak  iu  the  hig;beBt  terms  of  the  fuel." 
Were  the  petroleum- producing  areas  conlineil  to  the  Caspian  region,  the 
day  might  probiilJy  be  far  distant  when  the  use  of  this  valuable  natural 
product,  as  fuel,  may  become  general. 

Fortunately  ffir  the  world,  but  jterlmps  unfortunately  for  coal  owners, 
this  is  not  so.  Mr.  Herbert  Tweddle  assures  us  that  petroleum  exists 
along  the  slopes  of  all  the  great  volcanic  uplifts  on  the  surface  of  the 
globe,  although  at  present  there  arc  but  few  localities  from  which  it  is 
raised  in  large  quantities. 

From  a  careful  study  of  the  geological  formations,  he  concludes  that 
the  petroleum  regions  of  Europe  and  Asia  form  one  contiimous  zone,  of 
varying  width,  passing  iu  a  diB£;onal  direction  across  Europe,  and 
terminating  in  the  plains  of  Ceutrat  Asia,  embracing  nearly  all  Scotland 
and  England  south  of  the  (irampiaus,  Hanover,  Bohemia,  Galicia,  Mol- 
davia, Roumania,  Transylvania,  with  Hungary,  the  Crimea,  both  slopes  of 
the  Caucasus  chain,  including  Baku,  the  Tranacaspiau  regions,  the  Island 
of  Tcheleken,  Kraanovodsk,  tbc  Neft  Cora,  the  Hen  Rud.  and  Taabkeut. 
The  areas  in  Northern  Italy  along  both  slopes  of  the  Apennines,  and  at 
Zante,  together  with  those  of  Bosnia,  be  regards  as  ofl'shoota  of  the  main 
system,  and,  doubtless,  so  are  the  rich,  ihougli  vciy  little  worked  areas  in 
the  Piinjaub  and  recently  anneied  Burmah,  if  indeed  they  are  not  a 
continuation  of  the  same  great  none. 

The  petroleum  areas  in  America  upjiejir  U\  occupy  a  similarly  com- 
prehensive zone,  estfudiug  from  (.Jiisiie  on  the  St.  Lawrence  in  the  north 
to  the  Gulf  of  Mexico  in  the  south,  where  it  joins  the  mountain  chain  of 
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the  Andes  and  Sierra  Xerada,  along  the  western  slopes  of  which  petroleam 
areaa  are  found.  The  peiroleura  springs  of  Cuba,  Trinidad,  and  other 
West  India  Islands  beiug  but  ramifications  from  the  main  eystem,  just 
aa  the  ai-eas  of  Northern  Italy  are  offshoots  from  the  Indo-European  zone. 

Extensive  {KLroleum -bearing  areas  exist  in  Anetralia,  China,  and  Japan, 
aud  the  recent  great  vulcanic  npheava!  in  New  Zealand  is  ample  proof 
that  petroleum  exists  there  in  lai^e  quantities. 

Seeing  then,  that  this  valuable  product  of  naturc  exists  over  such  vast 
areas  of  the  earth's  siirlace,  it  is  but  natural  to  suppose  that,  in  the  near 
fhture,  it  will  be  worked  in  every  connfry  where  it  may  Ic  found  in  suffi- 
cient abundance  to  justify  the  investmeni  of  capital ;  but,  meauwbile,  it 
cannot  be  other  than  profitable  to  shipowner,  shipbuilder,  and  engineer  to 
minimise  the  cost  of  transport  and  to  economise  consumptinn,  as  far  as 
that  can  be  done. 

The  snpply  of  liquid  fuel  may  be  considerably  augmented  by  distilla- 
tion of  shale,  and  of  the  waste  on  pit  heaps,  also  by  recovery  of  the  bye- 
products  in  the  manufacture  of  coke. 

M.  Gulishambaroff,  the  leading  authority  in  Russia  on  petroleum, 
gives  an  analysis  of  Pennsylvanian  and  Russian  oils  and  of  petroleum 
refuse,  as  shown  by  the  following  table,  which  also  contains  the  average 
composition  of  !t8  samples  of  British  coal,  ascertained  by  Delabeche 
and  Playfair,  with  the  heating  power  in  thermal  units,  computed 
according  to  the  values  of  the  component  pai-t«,  experimentally  estab- 
lished by  MM.  Favrc  and  Silbermann,  and  the  theoretical  evaporatii'e 
power  in  pounds  of  water  evaporated  from  a  temperature  of  212  degrees 
at  atmospheric  pressure : — 


BpedOo 

Oirtion. 

Hrti* 

Omta. 

Buliihiip. 

crude,  heavy 

0-886 

I   84-9 

18-7 

1-4 

20,700 

21-428 

RussiDti  oil,  D^ht      .. 

0-88* 

1   86-8 

13-6 

01 

20,872 

21-607 

„        „   heavy    .. 

0-938 

1   86-6 

12-3 

11 

20,108 

20-81 

0*28 

87'1 

11-7 

1-2 

19.794 

20-48 

Avenge  ot  96  wuiplo 
of  British  coal   .. 

80-0 

5-0 

8-0 

1-25 

14,132 

14-63 

The  combustible  components  only  and  o"cygen  of  the  coal  are  given 

in  the  table,  the  remaining  pans  are — nitrogen,  1"2;  and  ash.  4-55  percent. 

Taking  the  average  theoretical  e(a[>oiatiir  power  of  the  four  samples 
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of  oil  Vtt  2ri  Iba.  of  water,  the  oil  has,  tested  by  chemical  ooraposi- 
tion,  an  advant^e  of  4i  |>er  coiit,  ovtr  the  coal.  The  oils  may  bo 
accxpted  as  fair  average  eamples,  but  the  author's  experience  is  that  the 
theureticul  eraporaLiru  power  of  cool,  as  nsually  delivereil  into  nliipe 
bankers,  does  not  exceed  13^  lbs.  of  water  per  ponnd  of  coal,  which 
farther  iocreases  the  advantage  of  the  oil  to  6G  per  cent. 

Having  investigated  the  evaporative  performance  of  a  considerable 
number  of  boilers  from  pnhli:«hed  data,  and  also  from  data  obtained 
daring  experiments  aL  which  the  author  was  present,  he  is  Kitisfied  that 
the  average  efficiency  of  the  ordinary  marine  boiler  is  70  per  cent,  of  the 
theoretical  evaporative  power  of  the  coal  nsed,  and  therefore  the  actual 
evaporation  from  and  at  212  degrees  is  13^  x  -TO  =  'J'45  lbs.  of  water. 

The  AO  per  cent,  loss  is  accounted  for  by  loss  of  heat  iu  gases  passing 
np  the  chimney,  hnt  necessary  to  produce  draught,  from  nnburnt  fuel 
remaining  In  the  ashes,  frojn  nneonsumed  fuel  passing  away  in  the  form 
of  smoke,  and  Irom  radiation. 

Dsing  liquid  fuel  there  is  no  smoke,  the  oil  is  entirely  consumed,  and 
the  only  loBSi'S  are  from  radiation  and  from  the  beat  passing  up  (lie 
chimney,  the  latter  loss  being  very  materially  reduced. 

The  perfect  admixture  of  air  and  oil  obtained  by  means  of  the  spivy 
injector,  or  pulverizer,  renders  air  for  dilution  of  the  fiiruace  gases  un- 
necessary, therefore  only  uliout  15  His.  of  nir  are  required  per  pound  oC 
oil,  as  against  H  lbs.  of  air  per  (lound  of  conl,  and  the  initial  tcmpcratnre 
in  the  furnace  being  greater,  because  of  the  smaller  quantity  of  air  re- 
quired, the  heat  passes  more  rapidly  through  the  heating  surface  to  the 
water  in  the  boiler. 

There  is  thns  a  much  reduced  quantity  of  air  to  carry  off  heat,  and 
more  heal  taken  out  of  the  oil  gases  on  the  way  to  the  chimney  than 
tliere  can  be  takeu  ont  of  coal  gases. 

The  sources  of  loss  thus  minimised,  it  necessarily  follows  that  a  boiler, 
in  which  oil  is  1x.-ing  burnt,  must  have  a  much  higher  efficiency  than 
when  coal  is  used,  and  actual  experience  proves  that  the  efficiency  rises 
from  70  to  9(1  per  cent.,  therefore  21-1  x  -DO  =  IK'llSt  Iha.  of  water 
actually  evaporated  from  and  at  212  degrees  per  pound  of  oil,  or  KlOjper! 
cent,  superior  to  coal.  This  result  agrees  with  those  obtained  on  the 
Cospiau  and  Volga,  where  one  ton  of  petroleum  refuse  ia  found  to  do  the 
work  of  two  tons  of  cual,  and  which  has  l>eeu  experimentally  proved  in 
this  district  by  Colonel  Sadler,  of  Middicsbro'.  svh'j  has  been  burning  both 
oil  and  tar  in  his  company's  works  for  a  CDUsiderable  jieriod.  When  the 
author  had  tlie  |>le>isure  of  visiting  the  works,  in  Jauaury  lust,  two  tons 
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of  coal  were  required  to  do  the  work  of  one  ton  of  oil,  and  the  resnlta 
then  achieved  have  been  fully  suBtained  in  continuous  working  np  to  the 
present  date. 

The  work  devolving  on  the  stoker,  on  board  ship,  is  very  light. 
The  steam  connection  with  the  donkey  boiler  is  opened  and  all  water 
cleared  out  of  the  pipes  and  apray  injector,  then  a  piece  of  burning 
waste,  saturated  with  oil,  or  a  quantity  of  lighted  shavings  is  thrown 
into  the  furnace,  when  the  steam  jet  and  oil  supply  are  gently  opened, 
and  the  fine  spray  instantly  iguites,  the  oil  supply  Is  gradually  increased 
until  the  required  quantity  is  being  consumed,  and  the  air  supply  is  regu- 
lated until  a  clear  white  light  is  produced. 

This  aLtuined,  with  steam  from  the  main  boilers,  it  is  generally  found 
unnecessary,  in  the  case  of  steamei-a  running  from  Baku  to  the  mouth  of 
the  Volga,  to  interfere  with  tlie  burners  again  during  the  voyage,  which 
is  usually  of  two  days'  duration. 

The  nuisance,  on  board  steamers,  of  cleaning  fires,  and  getting  up 
ashes  every  watch  is  entirely  abolished,  and  the  small  amount  of  attention 
required,  when  the  burners  have  been  adjusted,  renders  unnecessary  more 
than  one  attendant  at  a  time  in  the  stokehold,  even  for  a  considerable 
number  of  furnaces. 

When  it  is  found  necessary  during  a  voyage  to  lie,  as  it  were. 
"  under  banked  fires,"  a  brick  is  frequently  placed  a  short  distance  from 
the  nozzle  and  just  sufficient  oil  injected  to  keep  the  one  brick  red  hot, 
so  that  when  full  steam  is  wanted  the  brick  serves  to  ignite  the  spray 
during  the  short  period  required  to  render  the  entire  brick  furnace 
incandescent. 

The  most  important  appliance  to  be  considered,  in  burning  liquid 
fuel,  is  the  spray  injector  or  pulverizer,  and  u  hirge  number  of  designs 
have  been  tried  with  more  or  less  saiisfactory  results.  Three,  of  what 
may  be  considered  typical  forms,  have  been  seteclud  for  description  and 
illustratiou. 

let. — Bi-andt's  apparatus.  Fig,  1,  Plate  I.,  which  conBista  of  a  casting  in 
which  two  independent  passages  are  provided,  with  a.  separate  branch  to 
each  passage,  the  one  for  the  admission  of  steam  aud  the  other  for  oil.  On 
the  end  of  the  casting  next  the  furnace  a  circular  cap  is  screwed,  covering 
both  passages,  and  in  this  cover  a  conical  valve  seat  is  lurmed ;  the 
conical  valve  is  held  in  its  seat  by  a  screwed  spindle,  which  affords  a 
subsidiary  means  of  regulation,  the  main  regulation  Ijciug  effected  by  the 
two  oicks  fitted  in  the  steam  and  oil  branches.  Both  cocks  being 
opened,  the  oil  is  dmwn  through  smalt  openings  near  to  tlic  couicnl  val\'e 
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by  the  actioo  of  the  jet  of  steam  aud  injected  iu  the  form  of  a  fine 
conical  spray  to  the  famace.  The  air  supply  is  prondcd  nport  from  the 
apparatus  by  openings  in  the  furnace  front.  Figa,  2  and  8,  Plate  I,, 
show  the  mode  of  application  to  the  furnace. 

2nd.— The  bamer,  patented  by  Colonel  Sadler,  which  is  probably  the 
simplest  pulverizer  known,  and  by  means  of  which  excellent  results  have 
been  obtained,    (Fig.  4,  Plat«  II.) 

This  apparatus  is  of  the  injector  type,  and  consists  of  two  small  braas 
cones,  male  and  female,  screwed  into  a  wrought  iron  T-piece,  one  at  each 
end.  The  stem  of  the  T  is  turned  upwards,  and  a  second  T-pieoe  is 
filed  to  it ;  the  oil  supply  pipe  is  attached  to  the  horizontol  branch  of 
this  T-piece,  and  the  vertical  serves  to  admit  hot  air.  The  steam  supply 
pipe  is  carried  into  the  furnace  and  formed  into  a  coil  or  circle  through 
which  the  steam  passes,  and  is  super-heated  before  entering  the  burner 
through  the  male  cone.  The  oil  and  air  flowing  into  the  burner  through 
the  same  passage,  and  being  forced  thruugh  the  second  cone  by  the  super- 
heated steam,  a  thorough  admixture  is  secured.  Figs.  5  and  6,  Plate  II., 
show  the  mode  of  applieation  to  the  furnace  and  the  arraugemeut  of  the 
brickwork  adopted  by  Colonel  Sadler. 

3rd. — The  recently  patented  improved  apparatus  of  Mr.  Thos.  Smith, 
Cnllercoats,  Fig.7,PlateIII.,in  which  the  supplies  of  steam,  air,  and  oil  are 
all  regulated  by  provisions  in  the  apparatus  itself.  The  facilities  for  external 
reflation  constitute  the  principal  difference  between  this  pulverizer  and 
several  others  in  use.  It  consists  of  two  concentric  tubes,  the  inner  tube 
being  screwed,  and  its  position  adjustable  with  respect  to  the  outer  tube, 
and  also  a  central  screwed  spindle,  to  which  a  conical  valve  is  attached,  the 
spindle  with  its  valve  being  adjustable  with  respect  to  the  inner  tube.  The 
oil  and  air  enter  the  apparatus  by  the  same  pipe,  and  pass  llirough  slots 
into  and  flow  along  the  inner  tube  to  the  conical  valve,  while  the  steam 
passes  into  the  annular  space  hetween  the  two  tubes  at  the  end  next  the 
famace.  A  mitre  is  formed  in  the  end  of  the  inner  tube  which  forms  a 
Beat  for  the  conical  valve,  and  when  the  central  spindle  is  revolved  in  the 
proper  direction  oil  and  air  are  admitted  to  the  furnace.  Similarly,  the 
the  eiterior  of  the  inner  find  interior  of  the  outer  tul)ea  act  as  valve  and 
seat,  and  when  the  inner  tube  is  caused  to  revolve  steam  is  admitted,  and 
the  Bapphes  of  steam,  oil,  and  air  are  all  regulated  at  the  point  where 
they  are  injected  to  the  furnace.  An  outer  cone,  also  acting  as  a  valve, 
is  ecrewed  on  the  furnace  end  of  the  ont«r  tube,  which  may  be  screwed 
backward  or  forward,  at  pleasure,  and  any  further  supply  of  air  which 
may  be  retjnired  admitted. 
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This  apparatus  is  much  more  complex  than  the  two  previously 
described,  but  is  not  more  complicated  than  several  others  in  use,  and  ita 
parts  are  so  arranged  that  it  may  readily  be  taken  to  pieces  and  put 
together  again.  Figs.  Hand  9,  Plate  III.,  show  the  mode  of  application  to 
the  furnace,  and  the  arraogemeat  of  brickwork  preferred  by  the  inventor. 
Tlie  author  hopes  shortly  to  bo  able  to  communicate  tiie  results  of  experi- 
ments made  with  this  apparatus  to  the  lustitution,  aa  airangementa  have 
been  made  to  thoroughly  test  its  capabilities. 

The  result  obtained  with  coal  tar,  as  a  fuel,  about  equals  the  perform- 
ance of  petroleum,  but  tlie  arrangements  and  iittiDgs  up  lo  the  point  of 
burning,  are  somewhat  more  elaljorale  than  necessary,  when  burning  oil. 

At  Colonel  Sadler's  works,  the  tar  to  be  consumed  was  contained  in  a 
large  tank,  having  a  spiral  coil  within  it,  filled  with  live  steam,  to  keep 
the  tar  in  a  thoroughly  fluid  condition.  From  the  large  tank  the  tar  was 
allowed  to  run  into  a  very  small  one,  covered  with  a  wire  strainer,  having 
2G  meahes  to  the  inch,  which  cleared  the  fluid  of  all  impurities  hkely  to 
choke  the  injector  nozzles.  From  the  small  tank  the  tar  was  conveyed 
some  distance  by  a  2  inch  diameter  pipe,  having  »  J  inch  pipe  containing 
live  steam,  running  through  it ;  and  when  the  tar  flowed  into  the  tnbe 
leading  to  the  burner  it  had  the  appearance  and  consistency  of  very  dark, 
heavy  petroleum,  for  which  it  proved  an  excellent  sobstituta.  The  aver- 
age analysis  of  the  tars  burnt  at  Messrs.  Sadler  &  Co's.  works  are- 
carbon  91,  and  hydrogen  9  per  cent.,  specific  gravity  1%  heating  power, 
in  thermal  units  IS. 778,  and  water  evaporated  from  and  at  212  degrees, 
19''(4  lbs.,  according  to  the  chemical  constituents.  The  wat£r  actually 
evaporated  is  I'J'H  x  '00=  17'49G  lbs.  per  pound  of  tar,  or  85  per 
cent,  superior  to  ordinary  bunker  coal. 

There  is  another  point  connected  with  the  burning  of  liquid  fuel 
which  demands  consideration :  the  quantity  of  steam  required  to  work  the 
injector,  and  ita  probable  eflect  on  the  boiler,  owing  to  the  neceasity  of 
making  good  the  quantity  of  fresh  water  so  abstracted  by  the  addition 
of  Boa  wat«r. 

In  the  case  of  a  steam  jet  applied  to  produce  draught,  the  best  results 
are  obtained  with  steam  at  maximum  pressure,  but  in  burning  liquid  fuel, 
only  sufficient  pressure  is  required  lo  pulverize  the  cil  into  a  fine  spray, 
probably  not  more  than  10  lbs,  per  square  inch  ;  but,  supposing  20  Ibsi. 
per  square  inch  is  required,  a  nozzle  ^th  of  an  inch  diameter  will  die- 
charge  about  600  lbs.  at  that  pressure  in  24  honrs  into  the  open  air 
without  doing  work.  In  oil  burning,  however,  the  energy  is  taken  out 
of  the  steam  in  doiug  work  on  the  oil  which  it  carries  into  the  furnace. 
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and  the  flow  is  conMqnenlly  greatly  retarded,  eo  tbat  jirobiihlj  not  even 
the  half  of  600  Iba.  is  nsed,  and  should  this  email  loss  be  doomed  objec- 
tionable,  it  may  be  entirely  obviated  by  usino;  compressed  air.  It  is 
hardly  jiossible  to  conceive  of  the  eojiiQeers  in  the  Cuspiaii,  the  largest 
sail  water  lake  in  the  world,  having  a  stronj;  iirufurenwi  for  lifinid  fuel 
if  the  boilers  were  speedily  salted  up  and  injured ;  nor  is  it  probable  that 
the  increase  in  oil  biirninfr  steamers  would  have  proceeded  with  such 
rapidity  if  this  had  been  bo,  as  it  would  have  taxed  the  pockets  of  ownere 
too  heavily. 

Tliere  were,  in  1884,  about  300  steamers  of  various  sizes,  many  of 
them  small,  running  on  the  Volga  and  Caspian,  bnming  solely  petroleum 
or  petroleum  refuse,  and  on  the  South  Russian  railways  not  less  than  lUO 
locomotives  fii'ed  with  the  same  fiiel. 

Jndging  from  the  handiness  with  whioh  liquid  fuel  can  be  manipulated, 
from  its  smokeless  character,  from  the  facilities  it  affords  of  maintaining 
steam  at  fiiU  power  for  any  len^h  of  time,  or  rapid  adjuatmont  to  any 
power  which  may  be  required,  there  is  probably  no  fuel  Iwtter  adapted 
for  the  requirements  of  ships  of  war.  Indeed,  the  Riisaiau  Government 
had  been  experimenting  with  it,  for  some  years  previous  to  1884,  on  the 
Caspian,  and,  at  that  time,  were  so  satisfied  with  the  results  obtained 
from  the  10  or  12  vessels  and  gunboats,  that  they  had  then  taken  st«pB 
to  fit  np  several  vessels  on  the  Black  Sea,  chiefly  torpedo  boats,  for  which 
this  fuel  was  considered  eminently  suited. 

The  problem  before  us,  then,  nntil  some  petroleum  area  has  been 
opened  up  nearer  home,  is  to  strive  to  devise  sueh  structures  as  will  beat 
ser\*e  to  cheapen  the  coat  of  transport,  in  order  that  we  may  avail  our- 
selves to  the  utmost,  in  commerce  and  industry,  of  this  valuable  natural 
product,  and  this  problem  will  be  dealt  with  in  the  following  part  of  the 
paper. 


Haviro  been  requested  to  supplement  the  very  interesting  paper  by  our 
Mend  Mr.  Nichol,  to  which  we  have  just  listened,  with  some  remarks  on 
the  arrangements  required  for  safely  carrying  on  board  ship  liquid  fuel 
in  bnlk,  and  having  had  the  opportunity,  in  the  capacity  of  Surveyor  to 
the  Bureau  Veritas,  of  inspecting  the  most  recently  constructed  ship  for 
theoarria^of  petroleum  Jubulk,  viz.,  S.8.  "Gluckauf,"  during  her  entire 
conatmction,  and  again  quite  recently  on  the  completion  of  her  first 
voyage,  the  author  trusts  that  sume  description  of  her  arrangements  and 
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their  practical  effect,  maj  not  be  withoat  interest.  Mr.  Nichol,  as  an 
engioeer,  han  pointed  out  the  immense  economic  value  of  liquid  fuel, 
as  compnreri  with  coal  in  its  calorific  effect,  its  great  superiority  to  coal 
for  Btearaships  in  the  reduction  of  labour  in  firing,  in  avoiding  the  necea- 
Bity  for  cleaning  fires  and  tubes,  in  the  absence  of  ashes  and  scar,  and 
in  its  requiring  no  trimming  in  bunkers,  It  also  poBSCBsea  special  ad\'aii- 
tages  in  the  promptnesa  with  which  steam  can  be  got  up,  and  the  facility 
with  which  the  production  of  steam  may  be  increased  in  emergency,  or 
instantly  diminished  almost  at  will,  in  the  absolute  closeness  of  its 
stowage,  and  its  adaptation  for  couveynnce  in  such  parts  of  the  vessel  aa 
are,  from  their  shiipe,  nut  available  for  any  ordinary  description  of  cargo. 
To  all  these  advantages  if  we  add  extreme  facih'ty  and  small  cost  of 
shipment,  also  simplicity  of  measurement,  it  would  appear  that  even  at  a 
considerably  enhanced  price,  as  compared  with  coal,  mineral  oil  should  be 
adopted  whenever  it  can  be  obtaiued,  as  fuel  for  steamers. 

Tliere  is,  however,  a  prejudice  against  the  use  of  liquid  fuel,  arising 
from  the  idea  that  it  is  not  easy  to  make  compartments  tight  enough  to 
carry  mineral  oil  in  bnlk,  some  shipowners  being  much  affected  by  vapfue 
fears  of  explosion  from  leakages  and  gases,  which,  on  account  of  their 
vagueness,  are  very  difficult  to  meet. 

The  influence  of  prejudice  is  clearly  shown  in  the  facts  brought  out 
in  a  very  able,  and  (at  its  date)  exhaustive  paper  read  by  Mr.  B.  Martell, 
on  the  27th  July  last,  at  Liverpool,  before  the  Institution  of  Naval 
Architects.  He  siiowed  that  many  years  ago  the  idea  of  carrying  mine- 
ral oil  in  bulk  was  before  the  public ;  but  alter  all  these  years  the  old 
and  dangerous  method  of  carrying  it  in  casks  has  survived,  and  keeps  its 
hold  on  the  bulk  of  the  American  trade  at  this  moment,  while  the  efforts 
at  emancipation  from  the  cask  monopoly  have  given  rise  in  succession 
to  the  tin-lined  case,  the  small  tank,  the  larger  tank,  the  donblc-skinDed 
ship,  and  at  last  to  the  most  rational  arrangement  of  all,  the  conveyance 
of  the  oil  directly  against  the  bare  skin  of  the  ship,  without  tanks  and 
without  extraordinary  precautions  of  any  kind.  The  author  will  not 
recapitulate  tlie  details  wbicU  have  already  been  so  ably  given  by  Mr. 
MarttU,  but  rather  bring  before  your  notice  some  small  personal  eiperi- 
enco  gathered  since  that  paper  was  read. 

The  saving  derived  from  carrjing  petroleum  in  bulk  is  an  accepted 
fact.  A  vessel  similar  in  size  to  the  "  Gluckauf "  would  take  from  three 
to  four  weeks  to  load  a  cargo  of  oil  in  casks,  but  with  her  present  arrange- 
ments for  carrying  it  in  bulk,  she  can  be  easily  loaded  ia  three  days, 
and  even  this  comparutivcly  short  time  might  be  much  shortened  if 
necessary.    Again:  the  vessel  now  carries  ft  Buffident  quantity  of  oil  to 
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fill  23,000  barrelB,  whereas  a  vessel  of  exactly  the  same  dimensions.  Bpe- 
deily  bailt  to  carry  pt'troleum  iu  CHsks,  could  not  stow  more  than  12,120 
barrels — about  52J  per  cent,  of  the  qnantity  carried  in  bulk. 

It  is  hardly  requisite  lo  disciiss  the  prcjudiw  which  oxists  against  the 
carriage  of  oil  in  bulk  when  compared  with  its  carria^  in  casks  on  the 
score  of  safety.  Of  course,  it  is  necesHary  to  take  some  precautions. 
For  instuDcc,  it  ia  important  lo  avoid  frothing  the  oil  by  allowing  it  to 
&11  from  a  height  into  the  receptacle  provided  fur  it,  and  likewise  to 
avoid  the  churning  action  which  would  be  produced  by  the  movements 
of  the  ship  if  the  cumpartmentB  were  only  partially  filled,  both  of  which 
tend  to  proiiuce  gas  and  deteriorate  the  oil.  It  is  necessary  that  the 
etrncture  and  workmanship  of  the  compartments  shonld  be  of  a  high 
c1m8,  60  us  to  prevent  leakage  ;  and  if  leakage  should  occur,  that  it  be 
confined  to  parts  of  the  ship  out  of  reach  of  the  boiler  tires.  A  provision 
is  required  to  keep  the  compartments  full,  notwithstanding  the  contrac- 
tion or  expansion  of  the  oil  by  change  of  temperature  at  sea,  also  for 
allowing  the  escape  of  any  small  (|UaBtity  of  gas  which  may  l>e  generated, 
and  for  the  ventilation  uf  empty  spaces  in  the  neighbourhood  of  the  oil 
tanks  where  gas  could  puiisibly  acetunulut€.  But  comparing  the  facility 
with  which  all  these  malter<j  cau  be  provided  for  in  a  ship  carrying  oil 
in  bulk,  with  the  difficulty,  or  impossibility,  of  doing  eo  in  u  ship  curry- 
ing oil  in  casks,  it  seems  quite  clear  that  it'  the  preRcot  innovation  was  to 
sobstitnte  cask  carriage  for  bulk  carriage,  the  outcry  against  it  wuuld  be 
nnappeosable,  The  cask  muBt  not  be  filled  quite  full  or  it  will  infallibly 
leak,  and  any  leakage  would  necessarily  run  through  the  whole  cargo  and 
bilges.  The  ullage  of  the  cask  thus  inevitably  imikea  some  chnniing 
■cliou.  The  structure  and  workmanHJiip  of  the  casks  must  be  of  a  high 
class  to  hold  oil  at  all,  and  represents  a  cost  equnl  co  iVom  one-third  to 
one-fourth  of  the  value  of  the  oil  carried.  It  will  thus  be  seen  that 
every  consideration  of  safety  demands  caiTiage  in  bulk. 

The  great  initial  difficulty  in  the  way  of  constructing  such  vessels 
was  the  objection  made  to  the  single  skin  on  the  qttestion  of  classifica- 
tion. The  Bureau  Veritas  Society,  however,  was  satisfied  that  a  vessel 
could  be  properly  oonstruct«d  to  carry  oil  out  to  the  skiu,  and  encouraged 
that  system,  which  now  proves  to  be  a  success. 

The  M.S.  "Gliickauf"  is  a  steamer  which  has  heen  built  for  this 
special  trade,  to  run  between  the  petroleum  ports  of  America  (or  the 
Black  Sea)  and  (Jermany.  She  is  the  fii-Bt  of  tuo  sister  ships  hnilt  by 
Hir  W.  G.  Armstrong,  Mitchell,  &  Co.  The  h.Dld  is  divided  by  a  middle 
line  longitudinal  bulkhead,  and  further  sub-divided  by  thirteen  transverse 
bulkheads;  eight  of  these  compartments  ai-e  intended  to  carry  oti.     At 
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the  fore  end  there  is  a  compartment  for  water  ballast,  aiid  water  ballast 
tanks  aro  eiIso  fitted  under  the  engines  and  boilers.  At  the  fore  part  of 
the  engine  room  there  are  two  bnlkheads,  spaced  4  feet  apart,  intervening 
between  the  engines  and  the  c^rgo.  Thia  compartment,  or  well,  is  for 
the  purpose  of  receiving  any  oil  which  might  leak  from  the  caT^o  com- 
partments or  trunkways.  and  may  be  kept  as  an  empty  space,  having 
provision  by  which  it  may  be  cleared  of  gas  at  any  time  by  a  steam  jet. 
Each  oil  cmpartment  is  fitted  with  a  tnmkway,  running  up  to  the  upper 
deck,  forming  a  self-acting  feeder  to  the  main  compartment  m  the  tem- 
perature diminishes,  and  allowing  the  hquid  to  expand  if  its  temperature 
should  increase. 

The  "  Gliickauf "  arrived  on  the  22nd  August  at  Geestemiinde  with 
her  first  cargo  of  best  refined  oil  from  New  York,  The  oil  was  found  to 
be  in  escellent  condition  in  all  respects,  and  gave  the  highest  satisfaction. 
From  the  refinery  at  New  York  the  oil  was  run  into  the  vessel  at  a 
temperature  of  87  degs.  F.  On  her  arrival  at  the  port  of  discharge,  after 
sixteen  days'  voyage,  the  temperature  was  found  to  be  redaced  to  67 
degs.  F.  The  contraction  of  the  oil  due  to  thia  reduction  of  temperature 
was  0'8fi  per  cent. 

Figs.  10.  10a,  and  10b,  Plate  IV.,  give  longitndinal,  plan,  and  mid- 
ship section  of  S.S.  "  Gliickauf." 

The  arrangements  of  S.S.  "Gliickanf"  are  those  patented  by  Mr, 
Henry  F.  Swan.  Mr.  Swan  has  also  taken  oat  a  patent  for  another  des- 
cription of  vessel,  specially  intended  to  carry  a  large  amount  of  wat«r 
ballast  without  its  being  necessary  to  utilise  for  this  purpose  any  of  tiie 
compartments  intended  for  containing  oil.  If  this  were  done  by  making 
the  inner  bottom  flat,  in  the  ordinary  way,  to  contain  a  sufficient  amount 
of  water  {say  one-third  of  the  vessel's  cargo  capacity),  the  result  would  be, 
that  the  centre  of  gi'avity  would  be  bo  low,  that  the  vessel,  when  in 
ballast,  would  be  a  very  bad  sea-boat,  and  when  laden  with  oil,  the 
centre  of  gravity,  on  tbe  other  hand,  would  be  too  high.  To  meet  these 
points,  Mr.  Swan  makes  the  inner  bottom  in  an  inclined  form,  either 
as  per  section,  Fig.  12  or  12a,  Plate  T.  Either  form  givca  all  the 
advantages  of  an  ordinary  double  bottom,  bnt  in  many  respecte  the  fonn 
Fig.  12  is  preferable,  and  it  will  be  observed  that  unnsual  facility  is 
given  for  repairs  and  examination,  as  a  man  can  freely  walk  about  in  an 
upright  position,  instead  of  having  to  crawl  through  very  irregular  spaces 
as  in  the  ordinary  double  bottom,  and  which,  if  gas  had  accumulated, 
might  become  positively  dangerous.  (Figs.  11  and  llA  give  longitudinal 
section  and  plan  of  these  veasels.) 

In  case  the  inner  Iwttom  has  been  utilised  for  cjirrying  crude  petro- 
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lenm,  or  if  from  any  other  canee,  gtis  \ins  accmnntnU;*!,  the  same  can  be 
entirely  got  rid  of  by  simply  pumpinfr  np  the  inner  Iwtlorn,  and  con- 
tinuing the  pumping  up  the  trunkways.  which  are  open  to  tlio  upper  deck, 
and  which  form  a  means  of  accesBto  the  interior  of  the  vefweln  tall  time». 

The  anthor  may  be  allowed  to  eay  that,  though  it  must  be  atlmitted 
it  waa  ft  somewhat  bold  nndertakinR  upon  the  part  of  the  owners  of 
the  "Gliickanf"  to  ordur  this  first  veespl,  jet  the  merit  of  her  success 
rightly  belongs  to  the  eminent  firm  of  shipbnildera  in  whose  yard  she 
was  constrnctfld. 

The  sister  ship,  now  building  by  MesurTi.  Annstrong,  Mitchell,  &  Co., 
is  constrnct«d  on  the  same  principle  ns  the  first.  There  is  no  cement  in 
the  bottom  of  these  vessels  in  the  way  of  oil,  the  oil  filling  the  floor  spaces. 

Messrs.  E.  &  W.  Hawthorn,  Leslie,  &  Co.  have  now  in  coarse  of  con- 
etraction  two  vessels  for  this  particular  trade,  one  of  which  is  being  built 
under  the  Bureau  Veritas' special  survey.  (See  Figs.  IS,  iSi,  14,  and  14a, 
Plate  VI. 

These  vessels  are  constmcted  with  a  double  bottom,  so  that  all  the  oil- 
tight  work  being  done  on  straight  and  almost  plain  surfuces,  in  case  of 
injury  to  the  ship's  bottom,  the  necessary  repairs  can  be  aa  easily  exe- 
cuted as  on  an  ordinary  vessel.  Fore  and  aft  bulkheads  arc  fitted 
throughont  the  oil  compartments,  and  where  there  is  only  one  bulkhead, 
B  suction  is  fitted  to  either  side  to  correct  a  list  in  loading  or  discharging. 

In  one  design  (Figs.  14  and  14a),  in  order  that  two  kinds  of  oil  maybe 
carried,  the  holds  are  divided  amidshipH  by  a  4  feet  space,  which  also 
serves  to  carry  up  the  trnnks  for  access  to  the  double  liottom. 

In  the  double  bottom,  transversely  there  is  a  slight  rise  to  cause  a,  run 
to  the  suction  and  to  facilitate  the  clearing  out  of  air  and  gas  when  the 
ballast  is  being  nm  np,  &s  the  air  pipes  are  at  the  side  on  the  highest  part. 

The  expansion  tmnks  are  built  on  the  deck.  Perforated  plates  are 
fitted  to  prevent  the  oil  moving  in  a  body,  and  at  the  some  time  to  allow 
it  to  eipand  into  the  hatch,  Small  air  pipes  are  fitted  to  the  hatch 
covers  ;  these  may  be  closed  when  desired  so  as  to  give  some  control  over 
the  escaping  gases. 

The  pumps  on  both  these  vessels  are  placed  right  forward  and  on  the 
tank  top,  as  it  has  been  found  difficult  Ui  lift  petroleum  any  great 
height  in  hot  weather,  owin^  to  the  low  tension  of  its  vapour. 

Fig.  15,  Plate  VII.,  shows  the  midship  section  of  the  ship  "Andro- 
meda." This  vessel  was  lately  fitted  with  tanks  in  order  to  carry  petroleum 
in  bulk.  She  has  made  one  or  two  voyages  successfully,  and  delivered  her 
cargo  in  good  condition.  This  system  does  not  (to  the  author's  mind) 
compare  favourably  with  that  of  carrying  the  oil  out  to  the  stdn  of  the  ship. 
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The  author,  in  Fig.  Ifi,  Plate  VII.,  submitB  to  this  Inatitntion  a  plan 
of  dealing  with  old  vcbspU,  to  adapt  them  for  the  carria^  of  this  liquirl, 
which,  he  considers,  will  overcome  some  of  the  difficulties  met  with. 
The  form  of  the  ballast  tank  top,  he  l»olieveB,  Ib  similar  to  the  principle 
adopted  by  Mr.  H.  F,  Swan.  The  aides  of  the  oil  compartment  are  made 
to  form  an  inner  skin  tn  tbe  ship,  allowing  a  space  between  them  and  t.he 
skin  to  admit  of  enay  access  to  all  parts  of  the  tank  for  erection  or  any 
neceBsary  repairs.  By  adopting  this  plan,  he  thinks  there  will  be  a 
considerable  saving  in  the  first  cost  as  compared  with  fitting  tanks,  and 
it  will  certainly  make  a  far  superior  job,  as  the  carrying  of  the  oil 
would  entirely  depend  on  new  work,  and  further,  the  strength  of  the 
ship  would  be  considerably  increased. 

Messrs.  Boolds,  Sharer,  &  Co.,  of  Sunderland,  have  recently  built  two 
small  steamers  for  Russia  (Figs.  IT  and  17a,  Plate  VIII.),  fitted  for  the 
conveyance  of  oil  in  the  bunkers  as  fuel  for  the  ship's  own  use.  The 
bunkers  were  fitted  in  part  of  the  main  hold,  and  also  in  the  engine 
and  boiler  space — the  bunker  compartments  extended  to  the  akin  of  the 
ship,  and  were  fitted  on  deck  with  manhole  doors  instead  of  hatches. 

There  can  be  no  doubt  that  for  marine  propulBion.  and  especially  for 
ahipa  of  war,  petroleum  or  mineral  oil  as  fuel  will  be  extensively  used 
when  moi'e  experience  demoDBtratea  ita  advantages  as  compared  with  coal, 
and  the  author  looks  to  see  tank  hulks  eatabhshed  at  coaling  stations,  and 
it£  use  restricted  only  by  the  limited  supply. 

It  may  be  interesting  to  the  membera  to  give  an  idea  of  the  arrange- 
ments  at  GeesLemiinde  for  discharging  and  atoring  the  oil,  Thia  is  shown 
on  Plate  IX.  A  flexible  pipe  is  jointed  to  the  ship's  side  and 
reaches  to  a  pump  driven  by  a  gas  engine  on  shore.  The  engine  house 
ia  marked  A.  The  pnmp  dehvera  into  the  circular  tanks  marked  Nos. 
1,  2,  and  3.  The  combined  capacity  of  these  tanks  is  4,900  tons.  The 
house  marked  0  ia  the  weighing  house,  where  railway  tank  tracks  are 
both  filled  and  weighed.  The  railway  tmcks  are  like  our  ordinary  tank 
trucks,  and  hold  about  12  tons  of  oil.  The  oil  is  sent  in  these  trucks  to 
tbe  interior,  or  to  any  point  in  the  railway  ayatem  of  tlie  continent,  and 
it  is  then  unloaded  into  tank  carts,  holding  each  about  a  ton,  from  whence 
it  is  retailed  into  the  tanks  of  storekeepers  or  private  customers.  It  is 
not  intended  that  the  oil  carried  in  bulk  should  be  casked  at  all,  although, 
of  course,  for  special  cases  thia  may  be  eaaily  done. 


/ 


6 


1 
I 


i 


00 

6 


To  ia^^rate MessmB  e mch>V&J.GrcBidU\ 


S  .  S  'Gi   . 

FlJ 


■^    1,1      1,1     T 


Long  rruD^ 


1i       J 

! 
I 

(<■        ] 

i                I                \ 

^--^.^-     1         1 

VoLjnPLAT£4: 


'fn^the^  Usey  AJhan^^ortofLi^iUd/Jitel. '' 


UF 


|iiil|i  •aiii|^i;iy^>v«>ij^p*^ 


WATLN   BALLAST 


y. 


<f. 


•'ffri  uydJUinA 


CTION  . 


1 

IjLZ 

1 

1 

t — 


^.->. 


OM 


jA.%lMV«^«i^lil«««Mli' 


/ 


z 
o 

o 
if) 

< 

z 
o 

3 

o 

z 
o 

-i 


< 

■ 

o 
iZ 


^r§ 


z 
o 

u 
liJ 

if) 
< 

z 
o 

\- 

o 

z 
o 


< 

o 
iZ 


z 
o 

h 
0 
hJ 

C/) 


I 
(0 
0 


/ 


z 
o 

o 

td 
(/) 

< 

Z 

o 

3 
O 

z 
o 

-i 


T 


7 


< 

o 
iZ 


V 


> 


> 


l_i 


^ 


i 

,1 

•Si 

I 

\ 


A 


.9 

•  • 


-4 

r 


hcf^  Uae/  ^'/hdn^jorttt/'I.itiiacCJue/y. " 


\'0,.aiPi.ATM7. 


M  1DSHI  p    Section  . 


on 

LU 

z 

ID 

CO 


UJ 

O 
q:: 

LU 
CL 

UJ 

o 


u. 
O 


< 
O 

-J 

a. 

CL 

< 


hO 


a 


=^ 


f? 
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Mr.  H.  F.  Swan  said,  with  duo  deference  to  the  Pivsident's  mlin^, 
he  thought  that  as  (the  first  fiart  of  the  paper  was  more  parti- 
cularly connected  with  the  consumption  of  petroleum,  some  engineer 
ought  to  have  opened  the  discussion.  However,  on  thnt  subject,  he 
could  onl;  say  that  for  a  dozen  years  or  so  liis  firm  had  beeu  iu  the  Imhit 
of  building  vesaela  for  the  Volga  and  Caspian,  which  «cre  fitted  with 
petroleum  bnrnerB— none  of  them  exactly  as  shown  on  the  diagrams — 
but  which  had  bet-n  entirely  successful,  and  there  was  no  question,  if  the 
supply  of  liquid  fuel  could  be  obtained,  it  would  become  the  fuel  of  the 
future,  although  he  thought  they  were  a  great  iminy  years  from  seeing 
that  becomiug  the  role,  because  for  general  trading  it  would  be  neceasary 
to  have  a  syBtem  of  reservoirs  throughout  the  whole  of  the  trading  area. 
This  would  come  in  time.  He  believed  they  were  on  the  eve  of  a  very 
important  addition  to  the  general  (.etroleiim  supply,  as  the  ItuEsian 
Government  intend  at  once  to  grant  a  concession  for  a  pipe  line,  which 
will  give  a  large  supply  at  Batoiim,  and  as  soon  as  that  comes  about  a 
great  impetus  will  be  given  to  the  consumption  of  liquid  fuel.  As 
r^ards  the  carriage  of  liquid  fuel,  he  thought  the  paper  had  co^'ered  the 
whole  ground.  Of  course,  people  were  naturally  inclined  to  have  some 
prejudice  in  favour  of  their  own  arrangements,  lie  could  only  say  that 
he  had  etndied  the  matter  very  carefully,  and  without  saying  that  his 
(Mr.  Swan's)  plan  was  the  best,  he  believed  it  would  successfully  carry  out 
what  was  claimed  for  it.  Either  of  his  plans,  with  the  inclined  double 
bottom,  possessed  all  the  advantages  of  an  ordinary  double  bottom,  with  the 
addition  of  giving  the  means  of  carrying  a  large  amount  of  water-ballast 
and  making  the  outer  skin  of  the  ship  easily  visited  in  the  cuse  of 
damage.  It  might,  perhaps,  be  at  times  convenient  to  carry  crude 
petroleum  or  fuel  in  the  double  bottom,  for  which  the  inclined  form  gave 
great  facility.  His  firm  found  in  the  case  of  the  "  Gliickauf,"  that  when 
the  compartments  hud  been  filled  with  water  fur  the  purpose  of  expelling 
a  little  oil  that  bad  been  left  there,  that  the  oil  simply  rose  and  fell  with 
the  water,  and  could  not  be  pumped  out ;  bat  in  the  case  of  the  conical 
bottom  any  oil  would  float  ou  the  top  of  the  water,  and  by  continuing 
pumping  it  would  be  expelled  up  the  triinkways,  unJ  the  compartment 
completely  cleared.  The  plans  which  Mr.  Gravell  showed  for  converting 
old  vessels  seemed  to  bc'  very  good,  but  he  was  inclined  to  think  that  plan, 
Fig.  lU,  Plate  VII.,  would  be  the  more  easily  carried  out,  as  it  would  leave 
a  greater  amount  of  the  old  part  of  the  ship  untouched,  and,  consequently, 
less  of  new  work  to  be  added  ;  but  either  of  the  plans  would  make  a  v  ery 
saiisfactory  arraugLmeuL.     The  subject  was  a  very  intei^esting  one,  and 
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he  had  ao  doulit  but  that  some  of  the  members  would  Ire  nb?e  to  frive 
them  some  further  iaformation. 

Captain  McNabb  Baid,  he  did  not  mcnE  to  Bpeak  on  the  scientific  or 
technical  points  involved  in  the  paper  read,  but  would  like  to  say  some- 
thing on  the  commercial  part  of  the  question  from  the  shipowning  point 
of  view.  He  believed  he  was  the  first  in  this  conntrj  who  made  a 
contract  for  the  conveyance  of  oil  in  bulk  from  the  Black  Sen,  and  he 
had  made  a  great  many  charters  for  the  carriage  of  petroleum  in  barrels. 
He  found  the  average  carrying  capacity  of  Bteamere  employed  in  the 
conveyance  of  petroleum  in  barrels  to  he  ahnut  (■fi  per  net  retiister  ton, 
Tarying  according  to  ty]}e  and  dimension!",  the  well-tlock  or  single  deck 
being  the  beet;  the  woi-st  being  the  doable  dock  three  tier  of  beams 
vessel,  the  range  being  from  G-5  to  fl-fi,  and  even  as  high  as  lo  barrels 
per  net  register  tun,  inehiding  deck  load.  A  vessel,  snch  a.i  the  "Marquis 
Scicluna,"  in  which  be  was  interested,  because  she  took  over  the  charter 
he  had  made  for  one  of  hia  own  vessels  of  like  kind,  would  carry  about 
9,600  American  barrels  -,  and  trading  between  the  Adriatic  and  Black 
Sea,  to  which  he  would  prefer  to  confine  himself  for  purpoHcs  of  illustra- 
tion, taking  empty  barrels  from  Fiumc  to  Batoum  and  full  back,  wonld 
reipiire  for  loading  and  unloading — four  operations — some  37  days. 
There  would  be  at  least  five  Sundays  involved,  and  the  time  occupied  in 
steaming  from  port  to  ijort,  two  trii«  20  days,  making  62  dnys  in  all. 
Such  cargo,  9,500  barrels,  would  be  equal  to  about  1,520  tons  of  oil,  and 
including  the  barrels  would  be,  with  dnnnage,  equal  to  about  1,720. 
whereas  the  same  vessel,  as  a  tank  steamer,  carries  2,000  tons  of  oil  in 
bulk,  and  will  only  occupy  a  maximum  time  of  27  daya  to  perform  the 
round  voyage.  With  barrels  at  the  present  rate  of  freight  the  vessel 
would  earn^ — emity  ont,  full  back— £2,060  freight  each  voyage,  and  he 
reckoned  she  would  make  five  voyages  in  the  year,  making  £10,300. 
The  port  charges,  and  loading  and  discharging  exjiensca,  on  each  round 
voyage  would,  he  knew  from  actual  experience,  be  about  £230 :  this 
multiplied  by  6  gave  £1,150,  or  a  net  earning  for  the  year,  esclusive  of 
wages,  provisions,  coals,  stores,  and  insurance,  of  £9,130.  The  same 
vessel,  carrying  2,000  tons  of  oil  iu  l)uik  at  the  rate  of  14b.  per  ton,  would 
earn  £1,400  each  voyage,  and  performing  the  voyage,  as  previously 
intimated,  in  27  days,  including  five  days  for  loading  and  discharging, 
as  provided  by  charter ;  and  allowing  35  days  in  the  year  for  docking, 
painting,  repairs,  and  other  possible  causes  for  loss  of  time,  the  vessel 
would  make  12  voyages  in  the  year,  this  would  make  the  gruss  yearly 
earnings  £16,800      In  the  case  of  the  bulk  oil  steamer,  instead  of  the 
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port  expenses  for  the  two  ports  on  each  mand  being  £2Si"".  thej  would 
actnaJly  be  about  £70.  or  for  the  12  Tovagts  £840.  This  deducted  from 
£16.800  leareB  £15,960  fur  the  net  earninfrs  of  the  year,  aa  against 
£9.150  for  shipment  br  borrels,  or,  in  favour  of  the  tank  steamers, 
£6,810  per  annum.  That  being  the  case,  he  was  aniious,  and  wnuld 
veiy  much  like  to  see  our  shipomierB  and  merchants  go  into  the  trade 
freely  and  vigoronsly.  He  could  not  see  why  foreigners  Gbonld  be 
allowed  to  have  a  monopoly  of  the  trade,  or  why  our  merchant  princes 
should  not  identify  themselves  with  a  trade  in  whirh  the  RoUischilda  freely 
took  a  pan.  Ab  to  the  adrantagea  to  the  merchant — the  cost  of  the  oil 
(he  had  it  from  a  merchant)  was,  delivered  on  board  ship,  about  £1  per 
ton ;  the  coat  to  the  merchant  wonld  be  in  the  case  of  the  tank  steamer, 
£2,000 ;  freight,  £1.400 ;  or  at  the  port  of  delivery,  £3,400— eqnal  to 
£1  lis.  per  ton  ;  and  carried  in  barrels,  it  would  be — cost,  frci<;bt,  and 
handling  the  barrels — £4,055,  or  £2  Us.  per  Ion  of  oil,  a  difference  of 
£  1  a  ton  in  the  price  of  the  oil  at  port  of  discharge.  lie  would  just  like 
to  say  a  word  or  two  in  reference  to  Mr.  Oravcira  paper  before  closing. 
When  he  made  the  contract,  one  and  a  half  years  ago,  he  was  anxious 
that  Lloyd's  should  support  or  give  their  sanction  to  such  alterations  as 
might  be  necessary  to  adapt  exiBting  vesselB  for  tlie  purpose  of  carrying 
the  oil  in  bulk  as  tank  steamera,  and  he  waited  on  the  heads  of  that 
society  at  London,  pointing  out  how  he  proposed  to  adapt  them.  He 
was  met  with  a  nmt  iiosautiitis.  "Oil  could  not  be  carried  against  the 
skin  or  shell  of  a  vessel ;  that  only  a  double  shell,  such  as  that  of  the 
'  Svet,'  or  separat*  and  independent  tanks,  separately  constructed  outside 
of  and  placed  inside  the  vessel,  the  same  as  the  '  Ferguson's,'  should  be 
thought  of.  You  must  Lave  access  to  the  shell  of  the  vessel  for  the 
purpose  of  examination  and  repairs ;  yon  must  provide  ogaiust  leakage 
throQgh  bulkheads,  and  against  fire  from  gases,"  etc.,  etc.;  all  of  which 
had  been  amply  and  perfectly  provided  for  by  his  plans.  His  explana- 
tions  and  his  pleadings  were  of  no  avail.  The  "  Chigwell,"  the  "  Marquis 
Scicluna,"  and  the  "  Pctrinna  "  have  been  altered  and  adapted,  and  the 
"Bakuin"  has  been  built  as  nearly  as  possible  on  the  plans  he  first 
proposed,  and  Lloyd's  have  now  apparently  sanctioned  the  alteration  and 
construction  of  vessels  to  carry  oil  in  bulk  against  the  shell.  When  he 
saw  Mr.  Murtell  in  London,  he  (Mr.  MartellJ  whb  utterly  opposed  to  the 
scheme.  How  far  that  gentleman's  modification  of  opinion  is  due  to  the 
persistent  energy  of  Mr.  Gravel!,  and  the  intelligent  appreciation  of  the 
importance  and  simplicity  of  the  subject  by  the  Bureau  Veritas,  he  could  not 
say,  but  would  leave  his  practical  audience  to  draw  their  own  conclusions. 
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Mr.  D.  AsDREW  eaid,  he  had  listened  with  ploflsure  to  tlie  paper  j'nBt 
read  by  Mr.  Nichol,  he  having  become  iotereated  ia  the  enhject  of  oil  as 
fuel  when  in  New  York  six  years  ago.  It  was  then  commanding  a  great 
amoant  of  attention  thronghoiit  America,  and  a  company  called  the 
Great  Western  Hydro-Fuel  Company  had  been  formed  at  that  time  to 
work  a  process  patented  by  Mr.  Dickey,  of  New  York,  about  the  year 
1878.  Several  factories  were  then  ran,  to  nse  a  Yankeeism,  with  oil 
Qpon  Mr.  Dickey's  syGlcm.  His  burner  is  similar  to  those  shown,  being 
of  the  injector  type  (see  Plate  S,),  but  his  fumaeo  is  somewhat  diffijrent 
(see  Plate  XI.).  Aljout  the  year  18B1  a  locomotive  on  the  Ivong  Island 
Railroad  was  fitted  to  burn  oil  as  fuel — an  account  of  the  apparatus, 
mode  of  working,  and  the  trial  trip,  taken  from  the  Neic  York  Herald, 
is  given  on  pige  51.  He  (Mr.  Andrew)  was  of  opinion  that  the  only 
drawback  to  the  use  of  oil  on  ]>oaid  steamers  as  fuel  was  the  bunkering 
of  it.  If  the  present  side  bunkers  and  tanks  under  the  engines  and 
boilere  were  utilised  for  that  purpose,  when  they  became  used  down,  the 
oil  would  be  churned  by  the  motion  of  the  steamer  in  a  seaway,  and  so 
create  gas,  deteriorating  the  oil,  as  stated  by  Mr.  Gravell  in  the  paper 
(page  35).  So  far  as  the  burning  of  oil  is  conceraed,  it  is  an  accom- 
plished fact  that  oil  can  be  burned  in  boiler  furnaces,  either  marine  or 
land,  with  great  economy;  hut  the  difficulty  of  carrying  It  in  bunkers  was 
a  subject  worthy  of  their  consideration.  He  thought  the  danger  arising 
from  gas  generated  by  the  oil  was  a  great  drawback  to  its  carnage  in 
bulk,  also  to  its  use  as  a  fuel.  Still  this  gas  might  be  ntilisid  by  passing 
it  into  the  boiler  ftimaces  and  for  the  purpose  of  lighting  the  veasd, 
which  would  make  it  still  more  economical,  and  would  also  tend  towards 
safety. 

Mr.  Geo.  N.  Ahnibon,  jun.,  said,  the  previous  speaker  (Mr,  Andrew) 
appeared  to  think  that  the  practice  was  to  use  petroleum  oil  of  a  light 
character  for  fuel ;  bat  this  was  not  so.  Astaki,  i.e.,  the  dregs  of  petro- 
leum, is  the  kind  used,  and  owing  to  all  the  light  constituent  part*  having 
been  removed  by  distillation,  there  was  little  or  no  danger  whatever,  if 
any,  of  an  explosion  taking  place  when  it  is  carried  as  fuel  in  the  bunkers 
of  a  steamer.  Astaki  is  not  only  heavier  than  crude  or  refined  petroleum, 
but  has  less  searching  qualities,  and  the  same  care  does  not  appear  to  be 
necessary  to  make  ironwork  oil-tight  when  astaki  is  only  to  be  carried. 
In  two  small  screw  stearaera,  the  "  A.  H.  N."  and  "  Cebah,"  having  oil 
bunkers,  the  shipowners  who  were  experienced  in  liquid  fuel  arrange- 
ments, were  satisfied  with  the  bunkers  being  rivetted  and  caulked  as 
usual  in  water-tight  work,  and  the  bunkers  being  filled  with  water  to 
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test  the  workmutthip.  The  banker  side^  were  carried  down  to  the  ihoU- 
plating,  iolercoeUllj  between  the  floors.  From  Mr.  B,  0.  Nichol'i  ptipcr, 
it  might  be  inferred  tor  was  tlie  actual  Farm  of  liquid  fuel  used  h; 
Colonel  Sadler  ai  Uiddiesbroa^h-on-Toe«  and  elsewhere  ;  but  on  Inn  (Mr. 
AndBou's)  Tiaii  to  the  works  of  Mesers.  Sadler  &  Go.  ( Limitcdj,  and  tho 
8.S.  "Colden,"  in  December,  I88S,  the  actiml  fuel  bcinft  nscd  wai 
oeoeoCe  oil,  a  nnduian  lelt  after  diBtilling  the  tiir  for  llju  production  of 
aoUuacine,  quinone,  and  alizarine.  Creosote  oil  beiii^;  linblu  to  crystal- 
Uee  below  120  degs,  Fahrenheit,  a  half-inth  steam  pipe  in  plw-ed  in  tho 
cenUe  of  ibe  oil  etipply  pipe  running  through  SlewrH.  Sadler  &  Co.'h 
works.  He  (Mr.  Amison)  wae  of  the  opinion  that  in  Llio  poper,  tho 
evaporative  power  of  ligoid  fuel  Lad  not  been  ovcr-stutul.  In  Mr.  U. 
Kinncar  Clark's  "  Fuel :  its  Combustion  and  Economy,"  petroleum  is 
stated  to  have  27,531  units  of  total  heat  of  combustion  of  1  lb.  of  com- 
bostibJe,  and  for  ordinary  tar  an  equally  good  result  has  liecii  claimed. 
Mr,  Edwin  Kenwood,  of  liOndon,  who  is  at  present  mnmgin({  for  com- 
petitive trials  ol'  liquid  fuel  ajid  coal  iu  his  screw  tug  "  Ruby,"  with  which 
he  intends  ruuning  two  long  trial  trips,  on  cadi  ocousion  taking  evapora- 
tive results,  speed,  consumption,  and  indlcati'd  horse-power,  cluims  to 
have  obtained  as  high  a  result  in  the  S.S,  "  Ryde  "  as  an  evaporation  of 
11  Ibe.  of  water  per  1  lb.  of  liquid  fuel — upparenljy  accounted  for  by  tho 
utihsatiou  of  the  hydrogen  hberated  from  the  steam  used  for  injecting 
the  oil.  This  evaporative  test  is  certified  to  by  an  independent  expert. 
He  could  scarcely  agree  with  Mr.  Kichol,  that  the  form  of  injector  was 
the  principal  factor  in  the  arrangement  of  a  furnace  for  a  marine  boiler 
osin^  liquid  fuel.  It  seemed  to  him  that  it  was  necessary  to  have  a 
thorough  utilisation  of  the  heating  fiurfaces,  and  tliut  tlic  supply  of  air 
should  not  be  obtained  simply  through  and  at  the  furnace  door,  but  that 
there  should  be  some  means  of  supplying  air  to  the  combustion  chamber. 
With  regard  to  the  question  of  transpoi-tiug  petroleum  in  hulk,  there 
wtrc  important  consideratious  ttiat  shipowners  should  keep  tu  view,  ^.ff., 
at  the  end  of  their  charter  of  three  or  more  years  ihty  might  find  tliem- 
eelvea  practically  in  the  hands  of  the  foreign  oil  mercbauts,  and  if  they 
had  to  alter  their  steamers  so  us  to  adapt  them  for  ordinary  tnuliiig 
purposes,  they  would  have  to  face  a  heavy  expenditure.  Further,  a 
steamer  like  the  "  Gliickaut,"  with  her  machinery  all,  would  never  make 
such  a  useful  and  prolitablc  general  trader  as  steamers  with  their 
machinery  amidships.  He  did  not — but  would  like  to— know  what 
«Sect  refined  petroleum  would  have  on  the  iron  or  steel  forming  thu 
hull   of    the    vessels.       It    was   well-known    tliat   sudi    oil    was    largely 
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used  for  washing  down  marine  engines,  bat  if  it  were  allowed  to  remain 
on  the  surfaces,  would  not  the  iron  pit  ?  There  did  not  seem  to  be  any 
danger  of  that  natnre  with  aslaki,  as  Russian  shipowners  went  so  far  as 
to  (in  the  case  of  the  bunkers  before  alluded  to)  advocate  the  omission 
of  the  Portland  cement  on  the  bilges  where  the  astaki  was  to  be  carried, 
having  found  from  experience  thiit  it  had  uo  deteriorating  effect  on  iron. 
As  crude,  and  esiiecially  refined,  petroleum  is  of  a  different  composition 
to  astaki,  possibly  the  effects  might  be  dissimilar. 

Subsequently,  in  reply  to  Mr.  WigLam  Richardson,  Mr.  Arnison  said, 
the  present  Talue  of  creosote  oil  was  about  I3s.  per  ton,  while  in  Decem- 
ber, 1885,  it  was  25s.  per  ton  ;  but  he  feared  if  any  large  demand  arose 
for  the  oil  its  market  value  would  speedily  rise. 

Mr.  T.  Putnam  said,  some  few  months  ago  they  (the  Darlington 
Forge  Co.)  conducted  some  csperimeuts  upon  a  Lancashire  boiler,  using 
oil  as  a  fuei.  The  injector  they  fitted  to  the  boiler  was  somewhat  like,  if 
not  iadentical,  with  that  shown  in  diagram  No.  4,  Plate  11.,  and  the  oil,  he 
believed,  was  creosote,  such  us  Messrs.  Sudler  were  using.  The  quantity 
required  was  about  120  gaUona  to  raise  the  same  amount  of  steam  as 
raised  by  a  ton  of  coal,  and  the  only  reason  why  they  discontinued  its  nse 
was  obvious — the  price  did  not  compare  favourably  with  coal.  Could 
they  have  gut  the  oil  at  the  same  price  as  coal  per  ton  they  would,  most 
unhesitatingly,  have  used  it  throughout  their  establishment. 

Mr.  I.  Mayor  said,  after  hearing  the  remarkable  statement*  which 
had  been  made  respecting  oil,  he  wondered  why  any  coal  was  now  burnt. 
He,  however,  believed  it  would  be  a  very  long  time  before  oil  would  be 
brought  to  this  country  to  be  sold  at  a  similar  rate  to  coal  and  to  compete 
with  it  to  any  extent  for  fuel.  Previoua  to  its  adoption  for  general  use, 
oil  stations,  similar  to  the  present  coaling  stations,  would  have  to  be 
estahhshcd ;  and  at  these  stations  there  must  be  an  Infallible  supply  of 
oil,  inasmuch  as  a  steamer  with  boilers  fitted  to  bm-n  oil  cannot  at  the 
same  time  burn  coal.  Before  an  unfailing  supply  of  oil  can  be  attained, 
the  productiou  must  be  enormously  increased.  At  the  present  time  our 
supply  for  furnaces  is  obtained  entirely  from  the  Caspian,  and,  so  for,  that 
supply  is  BO  uEcertaiu  that  Russian  owners  of  steamers  are  not  yet  fitting 
oil  buriiei's  to  the  boilers  of  their  ships.  A  pipe  line  is  to  be  laid  from 
Baku  to  Batoum,  on  the  Black  Sea ;  bnt  it  will  be  a  long  time  before  a 
supply  can  be  got  from  that  source  to  meet  the  demand  for  the  Black  Sea 
alone.  However,  when  the  time  comes,  there  is  no  doubt  oil  will  prove 
a  very  formidable  rival  to  our  English  coal.  Regarding  what  Mr.  Andrew 
suid  about  the  carrying  of  oil  in  the  bunkers — frequently  oil  is  carried  in 
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the  doable  bottom  compartment  or  pcska  of  steamers,  the  oil  being  con- 
siderably lighter  than  water  will  float  on  tlie  top.  The  supply  nf  oil  Ja 
drawn  from  ihc  surtiice  of  the  upper  part  of  the  peak  tank,  and  as  the 
bottom  is  in  free  communication  with  the  sea  it  is  always  kopl  full, 
Intimation  of  the  oil  being  done  is  given  to  the  engineer  by  tbelUct  of  the 
fire  going  out.  One  of  utir  English  admirals,  Admiral  Selvjin,  maiutains 
that  our  ironclads  should  all  be  fitted  for  carrying  oil.  But  there  is  a  serious 
difficulty  in  the  way.  If  a  Hbot  or  shell  penetrate  a  ship  the  cual  is 
thrown  in  every  direction,  but  if  petrolenm  (instead  of  coal)  were  injected 
into  the  ship  in  the  vicinity  of  lights  the  danger  would  be  greatly 
increased.  Again,  many  of  our  eitisting  ironclads  depend  for  pruteilion 
upon  their  cariyiiig  of  coal,  aud  this  protection  would  have  to  be  replaced 
by  some  other  means.  In  reply  to  Mr.  Arnison,  the  ahijis  that  have 
been  altered  have  obtained  five  years'  charters,  and  it  is  hoped  thitt  in 
that  time  they  will  make  a  considerable  snin  of  money.  By  taking  out  the 
middle  line  bulkhead  these  vessels  can  then  be  made  to  carry  grain  or  any 
ordinary  cargo,  and  there  is  no  material  alteration  in  the  construction 
of  these  shipe  and  fittings  to  prevent  them  from  taking  any  kind  of  cargo 
satisfactorily, 

Mr.  R.  S,  Whitb  said,  there  were  one  or  two  points  nijon  which  there 
seemed  to  be  a  good  dcid  of  misapprehension,  aud  one  was  with  relercnce 
to  the  effect  of  petroleum  on  iron.  His  own  opinion,  from  experiments 
made,  was  that  petroleum  was  a  preservative  to  the  iron  in  a  very  marked 
degree,  and,  therefore,  he  thought  there  need  1*  very  little  a]>prelienBion 
on  this  point  to  csuse  shipowners  to  hesitate  to  liuild  spec^ial  ships  from 
fear  of  deterioration  in  the  ship  from  the  effects  of  carrying  petrolenni. 
Id  reference  to  the  question  of  petroleum  veescls  carrying  a  return  cargo  of 
ordinary  description,  iiwaa  claimed  for  the  designs  (Fig.  12  and  12*,  Plate 
v.),  with  conical  bottom,  that  they  were  s[)ccially  adaptable  for  this  puriKise, 
as  the  form  of  tlie  bottom,  with  ita  plain  surface,  rendered  unnecessary 
the  use  of  wood  ceiling,  and,  therefore,  got  rid  at  once  of  all  smell  from 
the  petroleum.  It  was  stated  that  although  astaki  might  be  carried,  it 
would  not  do  to  cany  refined  petroleum  on  a  ship  without  the  use  of 
cement,  he  thought  the  less  tbey  had  of  anything  else  but  iron  to  iron 
the  better.  If  the  structure  was  so  arranged  at  the  start  as  to  reduce  the 
number  of  unnecessary  thicknesses,  and  the  best  material  was  put  into 
that  structure,  and  sec  that  only  the  very  best  workmanship  was  aUowed, 
then  there  need  be  tio  fear  as  to  auy  evil  effect  resulting  from  the 
C&rri^e  of  petroleum  in  bulk.  So  far  as  the  eiqierience  of  the  firm  he 
was  connected  with  went,  the  results  of  their  testing  in  the  '■  Gliickauf " 
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were  certaiolj  vfrj  Bucceissfiil,  and  which  teste  vera  made  under  the 
supwviaion  of  Mr.  Gravell,  who  had  the  iieraonal  inspection  of  the  ship. 
He  fnrther  ventured  to  assert  that  such  a  series  of  tests  had  never  yet 
been  applied  to  u  niLTcLimt  steamer  or  war  vessel  as  the  "  Vorwarte,"  the 
ship  they  had  launched  yesterday,  had  successfully  phased  throngh — 
absolutely  without  a  rivet  having  been  taken  out,  and  in  the  whole  of 
her  many  compartments  there  was  nut  a  single  leaky  connection. 

Mr,  J.  TwEEDT  said,  the  working  of  the  steamers  his  firm  had  built 
for  burning  oil  did  not  quite  bear  out  the  theories  and  anticipations  of 
Mr.  Nichol.  He  was  not  in  a  position  to  say  definitely  what  the  results 
had  been,  as  the  jiapers  and  documents  from  the  place  where  the  steamers 
were  working  had  not  yet  come  to  hand.  Referring  to  the  remarks  of  a 
previous  s{)eaker.  he  might  say  that  they  had  found  no  difficulty  what- 
ever in  filling  the  ballast  tank,  made  specially  for  carrying  oil,  and 
placed  below  the  cngiue  and  boiler  room.  They  had  adopted  the  ballast 
tanks  with  great  success,  and  the  oil  was  filled  from  the  ship's  deck 
throngh  a  very  deep  tul>e. 

Mr.  J.  A.  ILoWE  said,  in  listening  to  the  paper,  he  was  stmck  with 
one  fact  that  had  not  been  c<jmmented  on.  It  was  well  known  that  when 
petroleum  was  burnt,  little,  if  any,  soot  was  disengaged  and  left  in  the 
tubes.  It  therefore  followed  that  tubes  of  a  much  smaller  diameter  than 
those  ordinarily  employed  might  be  used  in  petroleum  buraing  boilers  ; 
and,  if  the  same  total  tube  area  were  maintained,  it  would  be  easy  to 
increase  t!ie  heating  surface  by  aiwut  50  [ler  cent.  Perhaps  an  objection 
to  the  use  of  smaller  tubes  would  be  the  gi-Ciiter  difficulty  of  removing  the 
lime  deposit  from  them  on  the  water  side.  To  obviate  this,  he  recom- 
mended the  use  of  fresh  water.  By  these  means,  a  suitable  boiler  could 
be  obtained,  and  worked  on  lines  most  likely  to  produce  success  in 
petroleum  burning.  (Jbviously,  to  compare  tlie  efficiency  of  petroleum  as 
a  combustible  with  coal,  a  boiler  embodying  all  known  improvements 
ought  to  be  built  for  the  former.  In  reply  to  Mr.  Arnison,  he  observed 
that  as  peti'oleum  was  composed  of  carbon  and  hydi*ogen,  and  neither  of 
these  was  deleterious,  there  was  little  danger  of  a  vessel's  hull  being 
injured  by  contact  with  the  oil.  With  regard  to  the  transport  of  petro- 
leum in  bulk,  this  was  now  an  accomplished  fact,  but  the  dangers  which 
might  arise  from  petroleum  vapours  were,  in  his  opinion,  ueitber  vagne 
nor  imuginary.  Bat  such  dangers  as  eiisted,  would  be  considerably 
reduced  by  the  use  of  electric  lights  in  lieu  of  common  oil  lamps  or 
candles. 

The  PiiEfiiDENT  said  he  thought  the  paper  and  discussion  together 
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had  brought  the  matter  very  folly  before  them,  and  the  two  maiD  pointa, 
viz.,  the  method  nf  conBimiptioii,  and  the  method  of  caiTying  the  oil, 
seemed  to  have  been  pretty  sattefactorilj  settled  ;  and  now  it  regained 
airaply  a  commercial  question,  visi.,  whether  they  could  get  the  oil  at  a 
price  that  would  pay  to  bum  it.  If  the  oil  was  to  cost  more  than  208. 
per  ton,  and  they  could  get  coal  at  10a.,  it  would  not  pay.  From  all 
they  heard  the  supply  aeemed  to  lie  almost  unlimited,  but  it  would,  of 
course,  take  time  to  develop  and  carry  out  the  arrangeraeuts  fur  placing 
it  in  the  different  parts  of  the  world,  where  it  might  be  required.  He 
did  not  think  that  coal  was  going  to  be  superseded  by  oil  altogether,  but 
it  was  making  rapid  progress,  and  must  ultimately— to  a  large  extent — 
take  the  place  of  coal. 

Mr.  NtcHOL  said,  so  many  of  the  speakei'S  during  the  discnssion 
had  effectively  answered  each  other  that,  as  far  as  liquid  fuel  was  con- 
cerned, the  points  requiring  further  explanation  might  bo  summarized 
under  three  heads  ; — The  sources,  available  quantity,  and  probable  per- 
numeucy  of  petroleum  supplies ;  the  probalile  cost ;  and  the  efficiency  of 
liquid  fuel.  The  source  from  which  petroleum  is  derived  appears  to  be 
the  Crystalline  or  Metamorphic  series  of  rocks,  lying  far  below  and 
mocb  older  than  the  coal-bearing  strata.  These  rocks,  or,  at  least,  parts 
of  them,  have,  at  a  remote  period,  formed  the  soil  in  which  subtropical 
vegetation  nourished,  and  by  the  action  of  pressure  and  subjacent  heat 
have  been  changed  or  metamorphosed  into  blue  clay,  clay  slate,  shale, 
mica-aehist,  and  gneiss.  The  wells  of  the  American  continent  almost 
without  exception  penetrate  into  strata  much  older  than  the  Carboniferous, 
and  the  apparently  exhaustless  supplies  of  oil  well  up,  or  are  pumped  up, 
from  the  Metamorphic  aeries  at  depths  of  occasionally  2,800  feet.  The 
maximum  depth  bored,  up  to  the  present,  on  the  Apsheron  Peninsula,  is 
only  about  800  feet ;  but  that  the  oil  supplies  emanate  frotu  the  Meta- 
morphic rocks  is  shown  by  the  vast  quantities  of  blue  ciay  ejected  by  the 
mud  volcanoes,  some  no  larger  than  molehills,  others  hundreds  of  feet 
high,  which  exist  wherever  the  oil-bearing  strata  crop  to  the  surface. 
The  petroleum  industry  being  in  a  state  of  transition  it  is  not  possible  to 
predict  the  quantity  which  may  become  available  in  the  immediate 
future.  It  may,  however,  be  stated  that  for  the  last  few  years  the  average 
annual  dehvpry  by  the  9,000  mOes  of  pipe  lines  in  operation  in  Pennsyl- 
vania has  been  4,000.000  tons  ;  and  at  Baku,  1,700,000  tons  during  the 
last  year.  Messrs.  Nobel  have  fourteen  spouting  wells  plugged  up,  which, 
if  in  fall  work,  would  supply  many  times  the  quantity  at  jirescut  obtained, 
and  were  cheap  and  ample  means  of  transport  provided  to  enable  the  produce 
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rppidly  being  snpplanted  by  petrolenm  for  vnrioua  iiKinatrial  pnrposes, 
may  be  well  and  economicully  need  as  iad.  It  is  suid  tiiat  tlio  (juantity 
prodnced  in  London  ulone  is  aboal  115,000,000  gallons  per  nnnnm. 
The  future  price  of  petroleum  is  a  ^-e^y  uncertain  qaantity,  but  it  is  not 
dillicQlt  ti  show  that,  even  at  tlie  prices  (^ven  by  Ciiptain  McNab,  whose 
contribntion  to  the  di§ciission  can  hardly  be  over-rated,  petroleum  refnse 
may  be  economically  used  as  liquid  fiiel,  if  crude  instead  of  refined 
petroleum  be  imported.  The  price,  at  Batouro,  he  gave  as  208.  per  ton, 
and  as  the  cost  at  the  wells,  since  I88(»,  has  been  two  copecks  per  pood, 
or  about  2s,  Gd.  per  ton,  the  cost  of  transport  from  Baku  to  Batoum 
must  be  17b.  tid.  The  Irel^ht  from  Batoum  to  the  United  Kingdom  is 
£08.  |wr  ton  in  bulk,  thus  making  the  eost  dehvered  here  -IOb,  Rugaiaii 
oil  yields  50  per  cent,  of  valuable  commercial  products,  of  little  value  aa 
fuel,  and  TiU  per  cent,  of  residuum  which  is  nacfnl  ua  fuel,  and  as  fuel  only. 
The  present  prices  for  large  quantities  in  London  are,  IjcnzoHne,  9d.; 
gBGoline,  Is.  5d.;  kerosine,  5|d,  per  gallon:  but  in  order  to  make  ample 
allowance  for  poor  quality,  or  depreciation  in  value,  the  gasoline  may  be 
gronped  with  benzolinc  at,  say,  8d.  per  gitilon;  keroeiae,  or  illuminating 
oil,  at  5d. ;  and  antliraciuc,  nr  lubricating  oil,  at  6d.  per  gallon.  Tlie  low 
price  of  the  latter  is  due  to  the  fact  that  it  must  be  mixed  with  a 
comparatively  costly  regetable  lubricant  to  render  It  Buitable  as  a 
machinery  oil.  One  ton  of  Baku  crude  oil  contains  260  gallons,  and 
yields — 

£  t.  ± 

4  per  cent,  bvtizulitie  and  guolinc  •=    10  ^Uoiu  at  8d.  >'   0  6  S 

27     „       ,.        kemsiiie  -   671  "       5d.  -    1  1  IJ 

19    „      „        lubricating  uil  -^  iJk  „      6d.  -   1  3  » 

£2  18    6j 


There  is  thus  50  per  cent,  or  half  a  ton  of  valuable  fuel  equal  in  actual 
evaporative  power  to  one  ton  of  coal  remaining,  and  the  value  reckoned 
at  the  cost  of  a  ton  of  coal  added  to  the  value  of  the  distilled  products, 
will  leave  what  may  be  considered  a  fair  profit  to  the  refiner.  Mr. 
Arnison  was  of  opinion  that  the  evaporative  power  was  not  overstated, 
and  instanced  a  case  where  41  ponnds  of  water  were  said  to  have  lieen 
evaporated  per  pound  of  liqm'd  fuel.  There  must  have  been  a  mistake  of 
at  least  20  pounds  made  in  writing  down  the  result,  as  in  order  to  obtain 
each  a  result  the  constitnentB  of  the  ftiel  must  have  been :  carbon,  49;  and 
hydr(^en,  51  per  cent, ;  or  alwut  3^  times  the  amount  of  hydrogen  present 
in  any  sample  of  petroleum  or  petrolenm  refuse  yet  analysed ;  and  the 
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hydrogen  (if  any)  liberated  from  the  eteam  in  the  furnace  would  not 
account  for  the  difference.  On  the  other  hand,  Mr.  Tweedy  thought  tlie 
results  given  were  high,  and  did  not  accord  with  his  esperieiioej  these 
figures,  howevei',  may  be  readily  verified  by  comparison  with  the  reaulta 
obtained  by  other  experiraenters.  Mr.  Urqnhart  gives  the  results 
obtained  with  143  iocomotivea,  on  the  Grazi  Tsaritsiu  Railway 
{Engineering,  June  25th,  1886),  for  a  whole  year's  running,  at  51  tons 
of  petroleum  refuse,  against  100  tons  of  anthracite  coal,  which  prac- 
tically agrees  with  the  results  secured  by  Colonel  Sadler.  Mr.  Mavor 
was  of  opinion  that  it  will  be  long  before  liquid  fuel  is  likely  to  be  used  in 
shiiB  of  war.  It  is  quite  possible  that  his  opinion  may  prove  to  be  correctj 
but  the  British  Government  is  showing  some  inclination  to  follow  the 
example  of  that  of  Russia,  for  Mr.  Percy  Tarbutt  stated,  in  a  paper 
read  by  him  a  week  ago,  before  the  Society  of  Engineers  iu  Loudon,  that 
our  Government  has  decided  to  place  a  torpedo  boat  at  his  disposal  for 
experimental  purposes.  The  fact  that  coal  iu  bunkers  forms  a  good  pro- 
tection for  the  machinery  is  not  at  all  likely  to  prevent  the  intmductioa 
of  liquid  file!  into  the  navy,  seeing  that  the  machinery  is  generally  below 
water-line,  and  that  even  more  efteotive  systems  of  protection  thau  coal 
affords  may  be  adopted.  Petroleum  refiiae,  or  astaki,  having  been  freed 
from  volatile  constituents,  and  its  flashing  point  being  so  high  as  .S20  degs., 
and  burning  point  430  d^s.  Fah.,  no  danger  attending  its  use  as  fnel 
need  be  apprehended. 

Mr.  Gravell  said,  a  great  deal  of  prejudice  seemed  to  exist  as  to  the 
fear  of  explosion,  which,  he  thought,  might  really  t)e  banished ;  indeed, 
there  was  no  more  danger  of  explosions  in  such  vessels  than  in  a  vessel 
carrying  a  cargo  of  ajals ;  because  in  these  vessels  which  carried 
l>etroIeum,  every  precaution  was  taken,  viz.,  the  engines  were  isolated 
from  the  cargo,  no  naked  light  was  allowed,  and  the  electric  light 
was  fitted  throughout,  whereas  with  a  cargo  nf  coals  none  of  these 
precautions  were  used.  To  his  mind,  it  was  almost  impossible  for 
explosions  to  take  place  with  the  present  system  of  carrying  oil  in- 
bulk,  if  ordinary  care  and  precautions  were  taken.  In  regard  to  the 
remark  from  Mr.  McNabb  respecting  the  classing  of  this  type  of  vessels 
by  his  society,  viz.,  the  Bureau  Veritas :  their  committee,  after  due 
consideration  and  some  previous  experience,  foimd  that  this  type  of  vessel 
was  about  the  safest  kind  that  could  possibly  be  put  afloat ;  besides,  the 
oil  compartments  had  been  put  to  the  severest  tests,  viz.,  a  columu  of 
water  1.^  feet  aVxive  the  deck,  without  showing  the  least  sign  of  leakage. 
He  also  thought  it  was  niiwise  to  hamjier  the  shipowner  and  shipbuilder 
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with  the  eitra  material  and  cost  for  the  double  bHii,  and  further  redace 
the  caiTTinv  capacity  of  ihcse  ships,  as  experieuce  had  already  shown 
that  SQch  coDstmclion  did  not  contribute  to  the  safety  of  the  vessel. 

Ou  the  molion  of  the  Pee8IDK>t,  a  vote  of  thanks  to  Messrs.  Nichol 
and  Gmvell  for  their  intei-estiug  [laper  waa  carried  by  acclamation. 


Hb.  DiCKKi'a  process  is  su  simple  that  a  tjro  in  eafnneering  can  nnderstaDd  it  nl  n 
glance ;  and  yet,  on  (he  trial  trip  it  full]'  verified  it«  pretetuiona  to  be  considered  a 
practicable  method  of  mibatituting  petroleum  in  the  crude  state  for  coal  in  movizig 
railway  imins.  The  crude  oil  ia  contained  in  »  l&rge  iron  tank  apou  the  platfonn 
of  the  tender.  The  tank  ia  coostrnctcd  of  iron  plates  flnnl;  riveted  together,  pains 
being  taken  to  render  the  receptacle  ol  the  fuel  piacticallj  impervious  to  air.  Two 
pipes  lead  from  the  tank  to  the  furnace,  each  delivering  at  the  furnace  a  jet  of  crude 
petroleum  niider  verj  light  pressure.  If  in  this  condition  the  highlj-iuflamnuLble 
oil  were  lo  lie  ignilcd,  it  woald  bum  vfith  a  brilliant  flame,  but  the  combastlon 
would  be  imperfect,  aud  the  amount  of  heat  generated  vronld  be  pmail  in  comparison 
with  the  actual  capacily  of  the  liquid  fuel.  Henue,  the  converaiou  into  gas  has  been 
regarded  as  a  condition  precedent  to  success  bj  most  iovetitors,  Mr.  Dicke;  over- 
times the  difficult;  in  a  manner  that  is  at  once  simple  and  efflcient.  Placed  at 
right  angles  to  the  nozsle  that  delivers  the  petroleum  within  the  furnace,  is  a  seccad 
noulc.  which  delivers  under  high  pressure  a  jet  of  snperbeat«ci  steam.  The  two  jets 
thus  meet  each  other  at  right  angles,  and  the  carreat  of  oil  is  inataataneoasly 
reduced  to  a  finely  divided  vapor  b;  the  combined  heat  and  force  of  the  steam. 
This  vaporizing  process  is  different  from  the  conversion  into  gas,  and  Blls  the  furoace 
with  a  petroleum  spray  mixei]  with  heated  vapor  of  water.  The  third  requirement 
ii  to  mingle  a  sufficient  volume  of  free  air  (or  oxygen),  at  a  high  lemperatore,  with 
the  i»mp(.und  vapor  produced  by  the  petroleum  and  ateam,  to  render  the  combus- 
tion perfect  when  the  contents  of  the  furnace  are  ignited.  This  is  accoDiplisbed  by 
a  peculiar  construction  of  the  steam  nozzle,  which  not  only  propels  a  jet  of  steam 
against  the  thin  stream  of  oil,  but  draws  after  it  a  corrent  of  heated  air,  which  also 
mixes  with  the  vapor.  All  the  elcmenta  of  combustion  are  now  present — the  carbon 
in  the  finely  divided  vapor  of  the  oil,  the  oiygeo  that  forms  one  element  of  vrater, 
and  free  oxygen  in  addition,  and  the  furnace  is  filled  vritb  a  seething,  hissiug,  pun- 
gent vapor,  which  blazes  instantaaeously  upon  the  application  of  a  lighted  vesuvion. 
What  takes  place  ou  ignition  can  readily  be  inferred.  The  atoms  of  highly  heated 
carbon  unite  rapidt;  with  the  heated  oxygen,  aud  a  temperature  capable  of  decom- 
posing the  steam  into  hydrogen  and  oxygen  is  instantaneously  prodnced.  Tliis  addH 
to  the  supply  of  the  latter  element,  while  the  hydrogen,  with  its  pale  blue  flame, 
reunites  in  some  measure  in  bumiag  with  its  former  element.  It  is  not  claimed 
that  there  is  any  gain  lu  the  amount  of  beat  generated  from  the  decomposition  of 
the  wat«r  and  the  combustion  of  ila  hydrogen  ;  but  the  jet  of  stea 
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the  vaporizing  of  the  oil,  and  the  disposition  thnB  made  at  it  compensates  for  tbo  I 
expeitdttare  of  heat  repaired  to  produce  it—thnt  ii,  to  heat  the  water  to  the  higb 
tetnperature  at  vhiph  it  ia  delivered.     The  preceding  simple  details  constitTite  all 
the  essential  features  nf  Mr,  Dictej's  invention  for  burning  liqnid  hydro-carbons 
without  Grst  converting  tbem  into  gas.     The  perfection  of  the  combustion  inft;  be 
inferred  from  tiie  toot  that  while  a  sheet  of  paper  placed  over  the  smoke-iitack  of  a 
furnace  soon  becomes  damp  with  the  moisture  produced  by  burning  hydrogen,  a».4 
ntinute  brown  or  dark  sg^ots,  such  as  wonld  be  produced  by  particles  of  incandescent  I 
carbon  appear  upon  its  aurfiice.     There  is,  coDSeqnentI;,  no  measurable  loss  of  J 
carbon  from  this  source,  which,  in  the  combustion  of  coal,  is  one  of  the  principal  I 

The  distance  traveraed  yesterday  by  a  train  of  two  cars  fairly  loaded  with 
passengers  on  the  trial  trip  was  83  miles — to  Rockaway  and  return.  The  distance 
thither,  Ifl'S  miles,  was  accomplished  in  43  minutes,  tliat  being  the  regular  schedule 
time  on  the  Long  Island  Railroad ;  but  the  Roi^is  has  been  run  40  miles  an  horn 
with  crude  petroleiun  during  the  progress  of  the  present  experiments.  The  quantity 
of  oil  required  to  get  up  steam  and  make  the  trip  was  est  imated  at  TO  Kalluos.  and 
the  cost  (if  tlie  fuel  for  the  triji  was  SI  20,  against  an  expense  of  about  tS  for  coal 
at  present  prices.  The  movement  of  the  train  was  easy  and  uniform,  the  pressure 
of  steam  remaining  steadily  at  about  100  pounds.  The  space  occupied  by  the  fuel 
was  less  than  one-fourth  what  would  have  been  required  tor  the  coal  to  run  the 
aama  distance,  one  pound  of  petroleum  doin^  the  work  of  four  pounds  of  coal  on  the 
average — a  point  of  great  importance  to  marine  engineers.  When  the  train  arrived 
is  the  depot  at  Long  Island  Citythe  oil  and  steam  were  turned  off  b;  simply  turning 
the  stop-cocks  that  regulate  their  delivery,  and  instantaneously  the  glowing  heat  of 
tho  furnace  ceasud,  its  blase  went  out,  and  the  work  was  ended.  It  is  staled  by 
angineers  that  a  boiler  will  last  fully  twice  as  long  with  petroleum  for  fuel  as  it  will 
with  coal ;  no  cleaning  of  the  furnace  or  handling  of  the  fuel  (after  it  has  once  been 
put  in  the  tank)  is  required ;  so  that  on  steamsbips  it  would  be  possible  to  dispense 
with  the  services  of  the  army  of  firemen  and  coal-heavers  now  employed,  and  to  fill 
their  places  with  two  or  three  junior  engineers. 


i 


PBOCBEDINOS.  53 


I 

I 

NORTH-EAST  COAST  INSTITUTION  OP  ENGINEERS  i 

AND  SHIPBUILDERS.  I 


Thibd  Session,  1886-87. 


PROCEEDINGS. 


THIRD  QENEKAL  MEETING  OF  THE  SESSION,  HELD  IN  THE  LECTURE 
HALL  OF  THE  SUBSCRIPTION  LIBRARY,  FAWCETT  STREET, 
SUNDERLAND,  ON  WEDNESDAY  EVENING,  Stii  DECEMBER,  188(1 


W.  THEO.  DOXPORD,  Esq.,  Pbebidbnt,  ih  the  Chaib. 


The  Secretary  read  the  minntes  of  the  last  general  meeting,  held  in 
Newcastle-upon-Tyne  on  November  10th,  which  were  approved  by  the 
members  present,  and  signed  by  the  President. 

The  ballot  for  new  members  having  been  taken,  the  President 
appointed  Messrs.  W.  S.  Norman  and  R.  Rcadhead  to  examine  the 
Toting  papers,  and  the  following  gentlemen  were  declared  elected  : — 

MEMBERS. 

Allan,  James  McNeal,  5,  Edith  Street,  Jarrow-on-Tyne. 

Baxter,  WiUiam  J.,  6,  St.  Mary's  Place,  Glasgow. 

Blamer,  William,  Rocksidc,  Rokcr,  Sunderland. 

Carter,  George  J.,  Eluwick  Shipyard,  Newcastle. 

Dalrymplo,  William,  Messrs.  Hawks,  Crawshay,  &  Sons,  Gateshead. 

Dngdale,  William  U.,  Messrs.  Boolds,  Sliarer,  &  Co.,  Sunderland. 

Fairweather,  C.  W.,  Messrs.  Ernest  Scott  ic  Ca,  Close,  Newcastle. 

Fletcher,  Robert,  Walker  Forge,  Low  Walker. 
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The  rullowing  paper  "On  bhe  Plan  aiid  ConHtnictioii  or  Marine 
Engine  Works,"  by  Mr.  Tiiomas  Madd,  was  then  read: — 

(Pliotogiuphic  views  of  the  interior  of  the  variouB  workshops  nere 
shown  npon  thu  sereun  hj  means  of  the  lime  light.) 


II  CONSTHUC^ION  « 


ItlNK  BMlINi;  WOKKS. 


I'LAX  AXD  CONSTRUCn'IOX  01'  MARINE  ENCINE  WORKS. 


tir  Mil,  T.  MUDD. 


DuRiKG  Uie  years  ISS'A  and  m'^4,  ihc  writer  was  engaged  in  planning 
and  building  the  new  marine  engine  works  at  West  Iliirtlepool,  belonging 
to  the  Central  Marine  Engineering  Company,  and  he  tliouglit  it  might 
perhaps  be  of  interest  to  the  InGtitution  if  he  gave  a  brief  akctch  of 
these  works,  and  their  equipment.  In  doing  bm,  prouiinence  will  be 
given  to  each  features  as  are  of  importance  in  all  marine  engine  works, 
rather  than  to  each  as  have  been  rendered  expedient  in  these  particular 
works  owing  to  local  circumstances. 

A  modem  marine  engine  works  is  a  very  wide  field  to  be  embraced 
within  the  narrow  limits  of  a  single  pajicr,  and  it  is  clear  that  this 
occoont  can  only  claim  to  be  a  very  general  survey  of  the  subject.     The 
writer  will  classify  hia  remarks  under  the  fnilowing  three  headings  ; — 
I. — Environment. 

II. — Ground  plan,  and  general  arrangements. 
III. — Building  construction. 

I. — Environmknt, 
A  marine  engine  works  is,  perhaps,  more  urgently  in  need  of  satis- 
fuctory  surroundings  than  any  other  kind  of  works  that  can  be  named ; 
and  its  means  of  commit nication  with  the  outer  world  are  of  the  very 
Gret  importance.     It  is  desirable — 

1. — That  there  should  be  road,  raU,  and  wat«r  communication  for  the 

inlet  and  outlet  of  goods. 
2, — That  a  quay,  where  vessels  may  be  engined,  should  be  close  at 
hand,  and,  if  possible,  a  dry  dock  also,  in  view  of  repair  work. 
3, — That  there  shonld  be  satisfactory  deep  water  communication  to 
the  engine  works  from  the  sliipyards  supplying  the  vessels  to 
be  engined. 
The  site  of  the  engine  works  under  description  possesses  all  these  ad- 
vantages.    Road  and  rail  traffic  can  approach  the  works  freely.    Vessels 
with  pig  iron  &om  the  Tees  or  Grangemouth  can  discharge  direct  on  to  the 


S6  PLA»  AND  CONSTBUCTION  dp"i(fiaOTi^ire  WOTB^^^^^ 

fonndry  bogies.  Tb<i  works  stand  along  the  face  of  a  quay.  70t>  feet  in 
length,  on  which  there  is  a  at't  of  80  ton  hydraulic  sheers,  UO  feet  in  height. 
A  dry  dwk,  GOO  feet  long,  lies  close  alongside  the;  works  on  the  vresL,  and 
uneqnipped  veHsels  from  any  of  the  four  shipyards  at  the  port  can  go  to 
the  engine  works  without  having  to  go  ont  of  the  dock  system  into  tlic 
open  aea. 

The  tacilitics  for  passing  fiDished  work  from  the  works  to  Uie  sheers, 
and  for  there  shipping  it  are  such,  that  a  set  of  triple  engines,  of  1  ,nO0 
horse-power,  with  boilers,  shafting,  and  projieltcr  complete,  can  be  fitted 
on  board  the  vessel  and  steamed  back  to  the  shipyard  on  the  fifth  day 
after  the  ship's  arrival  at  the  shecrH. 

II. — GttouND  Plan  and  General  AaRANQEJCESTs. 

The  site  is  a  triangular  one,  having  a  frontage  of  830  feel  along  the 
(juay,  and  contains  nearly  eight  acres. 

In  i^trcelling  out  the  ground  to  the  varions  large  departments,  it  is 
desirable — 

1. — That  the  iron  foundries  sbonld  be  near  the  engine  shops. 

i. — That  the  engine  shops  and  boiler  shops  should  be  within  easy 
communication  with  the  sheers. 

S. — That  the  rejmiring  and  ahcer-legs  shop,  copper  abop,  and  joiners" 
shop  should  be  conveniently  situated  in  rcliilioa  to  the  sheers 
and  dry  docks,  if  any. 

4. — That  the  pattern  shop  should  be  detached  from  all  others,  bnt 
have  rail  communication  with  the  fonndry. 

6. — That  the  forgo  should  be  a  satlsfaotory  distance  from  the  engine 
shops  to  avoid  vibration  in  the  latter  from  the  steam  hammers. 

6.  —That  the  smiths'  shop  should  adjoin  the  forge  so  as  to  be  under 
one  foreman,  and  should  have  rail  communication  with  the 
engine  shops. 

7- — That  the  store  house,  brnaa  foundry,  brass  finishers'  shop,  tool 
fettlers,  grinders,  etc.,  should  be  conveniently  situated  in  rela- 
tion to  the  engine  shops. 

8. — That  such  departments  or  apparatus,  as  have  to  deal  with  almost 
jf  other  department,  should  occupy  as  central  a  position  in 
relation  to  the  whole  works  as  possible,  us,  for  instance,  the 
commercial  offices,  the  drawing  office,  the  steam  boilers,  the 
hydraulic  engines  and  accumulator,  the  electric  engines  and 
dynamos.  The  only  exception  to  this  rule  is  the  gas  plant, 
which  should  be  well  removed  from  the  general  works. 


( 
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TheBC  points  were  all  carefollj  watcbed,  aa  will  l«  seen  hj  reference 
to  the  general  gronnd  plan  (Plate  12);  and,  at  the  same  time,  the 
fsct  was  not  lost  sight  of  tliat,  in  view  of  the  advantage  to  the  stability 
of  the  structure,  the  ground  plan  shonld  be  such  as  to  permit  the  iofticst 
shops  being  in  the  middle,  the  lovror  and  still  lower  oneB  being  ranged 
oatfiide  them  to  support  them,  and  avoid,  as  fur  ua  posaible,  presenting 
any  very  large  fiat  surface  t«  the  action  of  the  wind. 

Coming  now  to  consider  more  in  detail  the  plan  of  the  rarions  depart- 
ments, and,  commencing  with  the  iroa  roandry,  it  is  not  too  much  to 
say  that  there  is  no  deiurtment  of  an  engine  works  that  will  better 
repay  a  stndied  care  in  the  arrangement  of  its  various  parts  and  dutailfl 
than  the  foundry  department. 

The  features  affecting  the  gronnd  plan  of  that  department  that  seemed 
most  important  were  the  following : — 

1, — The  loam  and  dry  sand  work  should  have  space  allotted  to  it 

apart  from  the  green  sand  work. 
2. — These  sub-departments  should  be  bo  Bitnat<.-d  as  to  be  eaaily  over- 
looked by  one  foreman. 
S. — ^All  oupoliis,  with  their  blowing  apparatus,  should  be  situated 

close  together  in  one  group. 
4. — They  should  be  placed  so  aa  not  to  cncivjach  at  all  on  the  clear 
floor  area  between  wall  and  wall,  and  should  yet  be  so  encloeed 
as  to  enable  their  management  to  be  overlooked  by  the  fore- 
man from  the  inside  of  the  shop, 
6. — It  should  be  possible  to  draw  metal  I'rom  the  cupolas  directly  into 

cither  the  loam  foundry  or  sand  foundry. 
(>. — The  correlation  of  the  two  foundries  and  the  cupolae  should  be 
such  that  evei?  ladle  of  metal  that  is  heavy  enough  to  need 
the  aasistance  of  a  crane,  may  be  received  by  the  craue  directly 
from  the  cupola,  and  thus  not  involve  the  troublesome  and 
somewhat  dangerous  expedient  of  conveying  the  ladle  across 
the  shop  on  a  bogie. 
7. — In  the  sand  department  a  great  quantity  of  molten  metal  has  to 
be  carried  in  small  hand  or  bogie  ladles,  and,  therefore,  it  is 
most  desirable  tliat  in  this  shop  the  cupolas  should  be  situated 
near  the  middle  of  the  length  of  the  shop  to  minimise  the 
distance  of  hand  carrying. 
. — l"here  should  be  ample  yard  accommodation  in  close  proximity  to 
the  cupolas,  and  accessible  from  Irnth  loam  and  sand  shops. 
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t). — In  the  sand  funndry  there  should  be  one  or  two  good  etoves  for 
Bach  cores  as  are  required  in  connection  with  the  eand  moulds. 
10. — The  loam  fonndry  ahonld  be  scfScientlj  wide  to  accommodate  a 
range  of  capacious  casting  pits,  and  a  broad  core  floor  along- 
side of  them. 
11. — There  should  be  ample  stove  acoummodutiun  in  connection  with 
the  loam  department,  if  poaaible,  co-extensive  with  the  core 
floor  and  casting  pita,  and  bo  situated  in  relation  to  these  as  to 
involve  the  minimum  of  labour  iu  passing  cores  from  one  to 
the  other. 
12. — These  stovps  shonid  all  be  aecesaible  from  the  buck,  whether  gas 

or  ookc  filing  be  adopted. 
18. — Provision  shonid  be  made  for  the  storage  of  loam,  aud  for  the 
grinding  of  same.     If  possible,  the  arrangements  in  connection 
Uiorcwitb  shonid  bo  such  that  the  loam  maj  be  discharged 
directly  from  the  trucks  into  the  store,  thrown  directly  from 
the  store  into  the  mill,  and  directly  from  the  mill  into  hoppers 
on  the  core  floor,  from  whenoe  it  is  readily  token  to  the  cores 
and  moulds. 
14. — ^Wliilsb  the  foimdries  should  have  short  and  easy  commnnication 
with  the  engine  shops,  both  by  railway  aud  hand  bc^ie  track, 
they  should  yet  be  completely  separated  therefrom,  so  that  the 
machinery  of  the  engine  shops  may  be  preserved  from  the  bad 
efl'ectB  of  the  dust  that  is  inevitable  in  the  foundries. 
This  seems  rather  a  formidable  list  of  requirements,  but  a  careful 
inspection  of  the  detailed  ground  plan  of  the  foundries,  as  seen  on 
Plate  la,  will  show  tlmt  all  havo  boen  salisfactorily  met. 

The  ruhng  idea  in  this  foundry  is  the  placing  of  the  loam  shoji  and 
sunt]  shop  at  right  angles  to  each  other,  tlie  ground  enclosed  in  the  angle 
forming  the  foundry  yard,  and  tho  point  of  the  angle  being  occupied  by 
the  cupolas, 

Tiiia  is  the  key  to  tho  posseBsion  of  a  groat  number  of  facilities  which 
it  wuidd  be  practically  im])ossible  to  obtain  by  any  other  arrangement. 

Between  the  foundry  and  engine  abopn  a  road  is  carried  through  the 
works  from  front  to  Imck,  entirely  seiiamting  these  departments  without 
interfering  with  the  easy  communication  between  the  two,  and  providing 
means  for  getting  at  the  bocks  of  all  the  stoves,  and  of  bringing  loam  on 
the  railway  close  to  the  atoro. 

Overhead  steam  cranes  and  hydraulic  jib  onmes  are  fitted  to  both  the 
foundries.     Thure  are  two  lai'ge  caatiug  pita  iu  the  loam  shop,  one  being 
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70  feet  long  l>7  21!  feel  wide,  the  other  Si  fwt  lung  tij  19  fitn.  wide. 
A  A  ton  hjdranlJc  pillar  craae  ttands  between  the  pita.  The  pit«.  luid 
core  floor,  and  stoves  are  arranged  parallel  with  each  other,  and  the  over- 
head crane  is  anfficiently  povrerinl  lo  lift  ont  a  lar^  tasting,  with  core 
and  alt  inclnded,  as  iioon  as  cold  enough,  to  permit  of  another  being 
commenced  in  its  place. 

Engint  fAop» — Ground  Plan. — Tonrinp  now  to  the  enf^ine  ahope  and 
their  accessory  deportmentg.  the  important  features  eecmcd  to  be  thu 
following : — 

I. — ^Therc  xhonld  be  a  wide  boy  for  erecting  shop,  and,  if  jiossibli!, 
this  bay  ehonld   be  long  enough   to  accommodate  all   the 
machines  that  have  to  deal  with  the  heavy  claw  of  caxtinga, 
80  that  these  castings  neetl  never  be  passed  from  one  Iny  ui 
another,  bnt  remain  always  under  the  same  travelling  cranes. 
This  enables  the  travelling  cranes  in  the  adjoining  bay  to  be 
mncii  lighter  than  those  in  the  erecting  shop, 
i. — There  should  be  at  least  one  other  wide  bay  traversed  by  over- 
bead  cranes,  and  suitable  for  heavy  taming  and  machine 
work.    This  plan  is  much  preferable  to  one  long  continnous  bay. 
3. — Accommodation  is  reqaircd  for  a  lar^e  quantity  of  small  and 
medium  sized  lathes  and  other  maohines,  which  do  not  need  the 
assistance  of  overhead  cranes,  and  for  this  purpose  from  two  to 
fonr  more  bays  will  he   required,  according  to  width  and 
length,  and  those  may  cither  l>e  on   the  ground   level  or 
golleried  over  each  other. 
4, — All  these  bays  shoald  be  clear  and  open  to  each  other  between 
the  columna  to  ftcilitate  overlooking  by  the  minimnm  number 
of  foremen. 
6. — Material  should  come  in  at  one  end  of  the  Bhops,  and  finished 

engines  go  out  at  the  other. 
Besides  these  the  following  are  of  interest,  although   not  directly 
affecting  the  ground  plan  of  the  shojis : — 

6. — As  far  as  posaibic  the  machines  should  lie  so  aituatod  that  large 
pieces  of  work  may  progress  Byst^maticnlly  through  the  shop, 
from  the  marking  off  table  at  the  inlet  end  to  the  erecting 
table  at  the  outlet  end, 
7. — Many  advantages  seem  to  arise  Prom  the  plan  of  driving  each  of 
the  several  lines  of  main  shafting  by  a  separate  engine ;  and 
it  is  better  atill  to  have  these  engines  fixed  on  the  columns 
driving  direct  on  to  the  shafta. 
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8. — At  about  mid  heiglit  nf  thu  colnmiis  there  shonld  Iw  a  line  of 
comiterehaft  girders  so  designed  that  counterahaft  brackela 
may  be  readily  fixed  at  any  point  without  making  holes,  and 
tliesG  gii'ders  may  act  as  struts  to  the  columns,  etc. 

9. — AH  pipes  tbat  cannot  be  carried  OYcrheiid  should  be  in  a  proper 
trench,  where  they  can  be  easily  got  at,  and  should  not  be 
buried  m  the  ground. 

The  arrangement  of  the  engine  shops  is  shown  in  plan  on  Plate  14. 

Thia  department  contains  56,500  square  feet  of  floor  area,  and  the 
ground  floor  is  entirely  paved  with  wooden  blocks,  on  end  grain- 
Parallel  with  the  engine  shops,  and  adjoining  same,  is  a  bay,  53  feet 
span,  containing  some  of  the  smaller  departments,  namely,  the  offices  in 
front,  and  behind  them  the  grinders,  tool  fettlera,  main  boilers,  brass 
finishers,  store  hoaso,  and  brass  foundry. 

A  word  may  ]x  said  in  passing  regarding  tlio  plan  in  connection  with 
the  general  storehouse.  It  is  square  in  plan, and galleriod  all  round.  It 
has  a  door  in  the  centre  of  each  of  its  four  sides.  One  opens  on  to  the 
roadway  through  the  works,  and  accommodates  the  inward  and  outward 
flow  of  goods  by  road  and  rail.  The  door  and  window  opposite  open  into 
the  lathe  shop,  and  are  for  the  delivery  of  goods  to  the  workmen.  A 
third  opens  into  the  brass  foundry,  and  enables  all  raw  material  in  con- 
nection with  that  department  to  be  kept  in  the  store  house  and  given  out 
as  required;  the  brass  castings  being  received  into  the  store  house  as 
made.  The  door  on  the  fourth  side  opens  into  the  brass -finishing  shop, 
and  provides  for  the  dcUvery  of  brass  castings  to  that  department,  and 
the  receipt  of  all  finished  brass  goods  from  it.  These  arrangements 
greatly  simplify  the  keeping  of  accounts  in  these  costly  materials, 

Immediately  within  the  doors,  at  the  inlet  end  of  the  erecting  shop, 
there  is  a  20  feet  square  level  marking-off  table,  flush  with  the  floor,  on 
which  large  castings,  etc.,  can  be  marked  off  accurately  with  snriace 
gauges  in  a  very  short  time. 

Following  down  the  shop  are  two  powerful  cylinder  boiing  mills,  a  10 
feet  chuck  lathe,  suitable  for  iinci'S  and  pistons  ;  a  heavy  vertical  boring 
machine,  with  8  inch  spindle  ;  a  1  fcet  6  inch  slotting  machine,  two 
large  horizontal  and  vertical  planing  machines,  a  heavy  G  feet  ordinary 
planing  machine,  two  horizontal  drilling  machines,  one  of  them  capable 
of  covering  a  vertical  area  20  feet  long  by  16  feet  high ;  and  two  large 
radial  drilling  machines. 

These  machines  occupy  about  half  the  length  of  the  shop.  Beyond 
that  is  space  for  the  testing  and  cleading  of  cylinders,  etc,  and  a  range 
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of  lieavy  caftb-iron  erecting  tables,  flush  with  ihe  floor,  od  wliicb  Lhu 
engines  tnanufactared  are  erected  and  Hk-amed  borore  leaving  the  Bhop. 
The  details  aud  advantt^ee  uf  these  erectiug  tables  wuuld  require  a  short 
paper  to  themselves  lo  describe  naliaructorily. 

Boiler  Shof» — Ground  Plun. — Paeaing  oa.  to  the  groaLd  plan  of  the 
boiler  shops,  the  followiag  inay  be  mentioned  as  tmportaQt  points  lo  be 
kept  in  view: — 

1. — Aa  ill  the  engine  shops,  it  is  better  to  have  two  bays  of  moderate 
length,  traversed  by  overhead  cranes,  thau  one  very  long  one. 
The  wider  and  luflicr  bay  of  the  tiro  ehonld  have  the  heavier 
overhead  travelling  crane,  and  contain  space  enough  for  all 
the  boiler  huHdvuj,  and  ull  the  machinery  that  has  to  deal  with 
shell  plates  ailcr  Ihey  are  bent.  The  narrower  bay  may  tbas 
have  a  lighter  overhead  crane,  and  should  have  space  enough 
to  deal  with  plates  in  the  flat  and  with  all  interior  work. 
2. — If  these  two  bays  are  entirely  absorbed  by  the  boilers  proper, 
considerable  further  space  will  be  required  for  the  light  work, 
SDch  as  smoke  boxes,  uptakes  and  I'nnucls,  ladders,  gratings, 
and  platforms,  and  for  the  light  machinery  in  connection 
therewith. 
3. — The  large  plat*  furnace  should  be  practically  oatside  the  shop, 

but  its  doors  should  open  into  the  shop. 
4. — There  should  be  a  large  boardwl  floor  for  drawing-txtard,  and  this 

should  be  outside  of  tbe  clear  area  of  the  shop  floor. 
0. — A  subsidiary  store  house  is  desirable,  aud  should  be  as  accessible 

us  possible  from  all  parts  of  tbe  shop. 
G. — Suitable  storage  places  for  tubes,  plates,  and  bur  iron  ure  most 
desirable,  and  should  lie  so  arranged  that  they  receive  goods  at 
one  side  from  the  railway  outside,  and  deliver  them  at  the 
other  side  into  the  shop. 
7. — Some  yard  accommodation  is  nectssaty  about  the  boiler  ehops  for 

the  accomulatiou  of  scrap,  etc. 

8. — As  in  the  engine  shop,  the  arrangements  should  enubie  materiul 

to  come  in  at  one  end  and  flnished  boilers  to  go  out  at  the 

other,  the  various  operations  being  performed  on  the  work  as 

it  progresses  systematically  through  the  shop. 

Plate  Ifi  shows  the  groimd  plan  of  the  boiler  shops.    At  the  north 

end  of  the  principal  bay  there  is  a  deep  recess,  50  feet  long  by  25  feet 

(ride,  in  which  is  placed  the  lai^e  hydraulic  riveter,  so  that  the  shell 
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riveting  is  carried  on  ontBide  of  a  line  drawn  along  the  shop  side,  and 
does  not  encumber  the  shop  floor  or  impede  the  overhead  traveller. 
There  is  a  special  overhead  traveller  over  the  riveting  macbine  for  iia 
particular  use. 

At  the  front  end  of  the  shopa  a  bay  ivitli  lean-to  on  each  side,  making 
a  width  of  75  feet,  is  caiTied  along  to  the  westward,  abont  110  feet,  for 
the  light  work. 

A  is  the  plate  furnace,  B  is  the  drawing-board,  C  is  the  plate  store, 
B  is  the  tube  store,  B  is  the  store  house  for  tools  and  sundries,  F  is  the 
bar  iron  store,  G  is  the  light  plate  store,  H  is  the  store  for  ropes  ond 
tackle,  I  is  the  angle  iron  store. 

All  ti-ncks  containing  heavy  plates  come  under  a  travelling  crane  at  J, 
and  are  unloaded  thereby.  All  those  containing  bars,  tubes,  or  light 
plates  go  on  the  siding  at  K,  and  are  there  unloaded  into  their  respective 
stores  dose  by. 

The  furnace  has  a  door  at  its  end  opening  into  the  narrower  bay,  and 
another  at  its  side  opening  into  the  wider  buy.  The  hydraulic  crane  at 
the  corner  moves  by  power  through  three-fourths  of  a  circle,  and  accom- 
modates botli  doors.  The  large  shell  plates  are  marked  off  and  planed  in 
the  narrower  bay,  and  the  vertical  rolls  are  so  placed  as  to  bo  able  to 
receive  them  in  Ihc  flat  from  the  crane  in  the  nari-owei'  bay,  and  deliver 
them  bent  to  the  crane  in  the  wider  bay,  where  they  then  remain  through 
all  future  stages. 

The  hydraulic  flanging  maehine  is  placed  at  an  angle  so  that  a  plate 
may  be  passed  into  it  from  the  furnace  in  the  shortest  jios^ible  time. 

The  hydraulic  riveting  machine  has  a  gap  of  10  feet,  and  the  25  toe 
crane  above  it  is  entirely  manipulated  by  the  man  on  the  machine  wlulBt 
he  has  hia  eye  level  with  the  rivet, 

The  ehelt  drilling  and  bailding  of  the  boilers  is  all  done  in  the 
wider  bay. 

Copper  Shop — Qnimd  Flan. — On  the  same  plan,  Plate  1 5,  will  be  eeea 
the  ground  plan  of  the  copper  sliop,  which  occupies  the  extreme  western 
comer  of  the  works. 

Palkin  Shop,  Forge,  and  Smiths'  Shop — Ground  Flan. — These  are 
situated  on  the  piece  of  ground  at  the  back  of  the  main  works.  The 
ground  plan  of  the  pattern  shop,  smiths'  shop,  and  foi^e,  and  also  the 
position  of  the  gas  producers,  are  shown  on  Plate  12.  It  will  be  seen 
that  the  position  selected  for  the  forge  is  the  furthest  possible  away  from 
Uie  engine  shops. 
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ITI. — Bun-niNG  OoNSTKrcTioN. 

On  this  part  of  the  subject,  the  writer  proposes  t"  tovicli  ^ory  briefly, 
referring  only  to  the  main  features  of  interest. 

Foundations. — Having  to  deal  with  about  17  feet  doplh  of  newly 
made  ground,  it  was  nei^esaary  to  get  n  footiug  for  the  prindpul  weights 
below  this. 

The  main  bnildings,  except  the  pattern  aliop,  depend  U|ion  large  M 
section  cast-iron  cohimns,  of  wliicb  there  ai-c  about  150,  and  it  vi-na  found 
cheaper,  and  thought  safer,  Ui  carry  these  columns  down  12  feet  6  inches 
into  the  ground,  than  bring  np  concrete  piers  to  the  snrfaco. 

Columns. — The  priucipal  columns  carry  as  much  w  200  tons  uiuxiuuim 
load,  and  this  is  home  on  concrete  bases  having  80  square  feet  area.  On 
thcBG  are  placed  large  cast-iron  shoes,  into  which  the  columns  are  placed 
and  run  np  with  cement.  The  priucipal  columns  are  8  ffet  by  18  inches 
at  the  bottom,  tapering  towards  the  top,  A  large  number  of  them  are 
over  4-1  feet  in  length. 

It  will  readily  be  conceded  that  one  of  the  most  important  conditions 
to  secure  in  connection  with  columns  carrying  henvy  loads,  is  that  these 
loads  should  be  applied  vertically  over  the  base ;  and  if  it  be  impossible  . 
to  have  them  quite  over  the  centre  of  the  base,  the  j>oint  of  application 
should  be  within  the  boundary  lines  of  the  column  sides.  This  was  ciisy 
of  attainment  where  the  columns  only  carried  one  hue  of  overhead  cranes  ; 
and  the  method  adopted  for  attaching  the  upper  columns  carrying  the 
rrjof  to  the  main  columns,  was  tbnt  of  spiiciiig  them  to  the  side,  "S  nhown 
in  Plate  10  {Fig.  1),  a  snug  beneath  the  Mid  of  the  upper  column 
taking  the  Bbearing  strain  off  the  bolts,  and  rendering  fitted  Imlts  un- 
Doccmary.  By  this  means  a  better  attachment  is  secured  than  by  a  hori- 
zontal joint,  and  both  the  pieces  are  simpler  forms  to  cast. 

The  general  arrangements  adopted,  made  it  possible  to  secure  similar 
adrantages  in  the  columns  carrying  ci-anes  on  both  sides  ;  for  since  all 
the  heavier  pieces  of  work  were  to  be  dealt  with  in  the  wider  bays,  it  is 
dear  that  not  only  could  the  cranes  in  the  adjoining  bays  be  bgbter,  but 
iJiey  could  also  be  lower.  By  dropping  the  seat  of  the  longitudinal 
girders  in  the  narrower  bays  8  feet,  which  experience  has  shown  still  to 
leave  abundance  of  height,  the  end  carriage  of  the  lower  cranes  could  pass 
beneath  the  snugs  that  carry  the  upper  columns.  This  is  also  illustrated 
in  Plate  IG  (Fig.  2),  where  it  will  be  seen  that  the  centres  of  appli- 
cation of  all  the  weights  fall  within  the  aide  lines  of  the  columns,  and 
snce  the  rail  centres  of  the  travellers  are  only  19  inches  apart,  the  cranes 
cao  approach  each  other  all  the  more  nearly,  and  there  is  ail  the  less  floor 
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Space  k'ft  uncovered  by  crane  power.  Ttis  latter  point  is  one  not  to  to 
despised,  wlien  tbe  placing  of  the  iuai4iJueB  is  cunsidciod,  as  the  ceatic 
line  of  B  Itttho  ov  other  mnchtiie  is  frequently  dependent  npon  tbe  eitreiM 
point  that  can  be  piumbed  by  the  cmne  hook. 

The  total  weight  of  columns,  shoee,  etc.,  is  about  1,300  tons. 

Girders. — The  wrought  iron  longitudinal  girders  for  carrying  the 
overhead  rnioeB  are  double  webbed  fish-bellied  plated  girders,  with  *      I 
safely  factor  of  not  less  than  tour  on  the  masimum  load.    There  ^ 
al)out  400  tons  of  these  fiali-bellied  girders  altogether.     (See  Pl***^ 

Along  the  upper  ends  of  the  upper  colamns  Belgian  rolled  X  bear** 
are  fixed  to  form  "  wall  plates,"  the  principal  section  used  being  H  inch^^ 
by  7  inches.     ThcK  aro  about  (So  tons  of  these  used. 

Roof. — It  was  decided  to  have  a  roof  of  such  a  type  as  wonld  permi^^ 
of  a  targe  amount  of  roof  light,  and  which  should  contain  no  wood" 
work  whatever.  The  principals  consist  of  steel  rounds  in  tension,  and 
iron  flats,  angles,  and  tees  in  compression.  Tbe  covering  is  cormgated 
sliccting,  and  rough  rolled  plate  gla.es.  The  shop  cohunns  are  pitched  24 
feet  apart,  and  tbu  roof  principals  8  feet  apart.  The  roofs  contain  about 
(iOii  tons  of  iron  and  steel,     (See  Plate  17.) 

The  pattern  shop  is  a  three-storey  building,  the  walls  of  which  are  of 
brick.  It  is  ISO  feet  long  by  40  feet  wide.  The  ground  floor  is  paved 
with  wooden  blocks,  and  has  a  railway  with  bogie  carrier  fanning  the 
whole  length,  and  is  used  for  storage  of  heavy  patterns. 

The  floore  of  the  two  upper  storeys  ore  carried  by  timber  beams, 
heavily  trussed  by  wrought  iron  tic  rods.  The  middle  floor  carries  the 
various  machine  tools  used  in  pattern  making,  this  storey  being  ased  as 
t!io  working  shop. 

The  npper  storey  is  fltted  throughout  its  whole  area  with  racks  for  the 
orderly  and  Bystematic  storage  of  small  patterns,  every  space  being 
numbered,  and  a  register  kept  in  tbe  room  of  the  numlicr  of  the  space  in 
which  each  pattern  may  be  found.  To  get  as  much  rack  space  aa  possible, 
there  are  no  windows  in  the  side  walls  of  this  u])per  storey,  tbe  light  being 
entirely  roof  light.  The  roof  is  of  the  composite  type,  the  stmts  being  of 
wood,  and  the  ties  of  iron,  the  covering  being  slates. 

Lighting. — The  engine  and  boiler  departments  of  these  works  are 
lighted  by  fifty  2,000  candle  power  arc  lamps,  driven  by  two  separate 
engines  and  dynamos  on  two  independent  drcuits.  Tlie  local  lighting  is 
done  by  gas. 

Firing. — Almost  the  whole  of  the  heating  is  intended,  ultimately,  to 
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be  done  by  gaa,  from  a  nnmbcr  of  gas  producers,  which  are  already  erected, 
but  vhidi  it  is  iiot  intended  U>  put  in  operation  uutil  cleaning  plant  haa 
been  attached. 

Hydraidica. — A  powerful  set  of  hydi-aulic  pnrapinp;  engines  are  daily 
at  work  on  an  aecnmnlator.  working  at  1,000  Ihs,  pressure  per  square  incU, 
Hydranliu  power  is  carried  into  each  of  the  large  departments,  and  is 
utilised  not  only  in  cranes  and  tools,  but  in  lifts  to  the  galleries,  and  in 
hoisting  up  and  down  the  great  doors  at  the  inlet  and  outlet  ends  of  the 
shope,  and  considerable  additions  to  the  applications  of  hydraulic  power 
already  made  are  contemplated. 

In  thanking  yon  for  listening  to  what  is  netssaarily — on  account  of 
the  very  wide  character  of  the  subject — a  mere  outline  sketch,  the 
writer  trnsts  that  his  imperfect  remarks  may  call  forth  an  instructiTe 
disonsBion. 


Mr.  B.  G.  NicHOL  said,  the  principle  laid  down  by  Mr.  Mudd,  in 
commencing  to  lay  out  a  large  engineering  works,  was  thoroughly  sound 
and  in  accordance  with  economic  principles,  viz.: — that  the  raw  material 
should  enter  at  one  end  of  the  works,  and  passing  forward  by  progressiTC 
fitagee,  should  leave  as  finished  product  at  the  other  end.  This  principle 
had  been  adhered  to  and  ably  canned  out  by  Mr.  Mudd  as  far  as  the 
form  of  the  piece  of  land  at  his  disposal  would  allow,  and  the  way  in 
which  the  details  had  been  worked  out  and  adapted  to  the  purposes 
required  is  worthy  of  all  admiration.  Tlie  general  plan  could  not, 
however,  be  regarded  as  an  ideal  arrangement.  He  thought  the  most 
perfect  form  for  an  engineering  works  was  a  square  or  rectangular  area 
haying  one  side  parallel  with  dock  or  river,  and  a  railway  parallel  with 
the  other  side,  with  suitable  sidings  running  into  the  works ;  this  area,  he 
thought,  should  be  divided  into  two  parts  by  a  wide  roadway  running 
from  the  railway  at  one  side  to  the  dock  or  river  at  the  other,  where  the 
sheer  legs  should  be  situated,  the  various  shoiw  should  be  parallel  with 
the  river,  and  so  arranged  that  the  material  should  be  received  at 
the  end  nearest  the  railway  and  puss  through  its  various  stages  of 
progreM,  leaving  as  finished  machinery  at  the  sheer  legs.*  The 
broad  centre  roadway  should  have  a  railway  running  its  entire  length 

•  Mr.  Niohol  illustr»teil  the  above  by  n  ohalk  sketch  apon  the  black  board. 
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connected  with  the  parallel  railway  before  mentioned,  and  tnrn-taUes 
arranged  between  each  pair  of  ebops  on  right  and  IdII  hand,  also  m 
overhead  tinvclling  crane  spanning  the  entire  width,  and  running  ftom 
the  railway  to  the  river,  bo  that  the  spaces  outside  the  railway  might  be 
used  for  yard  Bpnce.  He  was  very  pleased  to  see  the  manner  in  which 
Mr.  Mudd  had  dealt  with  the  boiler  yard ;  but  in  his  experience  he  had 
found  tivo  sola  of  traveliing  cranes  in  the  shop  in  which  the  boilers  are 
erected,  one  set  at  a  higlicr  level  than  the  other,  of  great  advantage  in 
expediting  work.  The  ideal  boiler  yard  is  simply  an  epitome  of  the 
entire  works,  and  consists  of  two  Bhops,  tlie  plate  nick,  running  wlongside 
the  first,  in  wliich  all  the  preparatory  stages  of  the  work  is  pcrfoiined, 
and  in  the  other,  the  creeling,  completing,  and  testing,  the  latter  having 
a  railway  on  which  to  run  the  bogies  carrying  the  finished  lioilers  to  the 
sheers.  Taking  into  account  the  fomixtion  of  tlie  ground  at  Mr.  Mudd's 
disposal,  it  would  be  generally  conceded  that  he  had  produced  a  splendidly 
arranged  works  for  the  construction  of  marine  enginca  and  boilers, 

Mr.  R.  L.  Weiguton  said,  he  could  not  say  that  he  was  prepared  to 
go  into  a  criticism  of  the  general  plan  of  the  works  as  Mr.  Nichol  had 
done,  althongh  it  had  struck  him  chat  the  works  did  not  seem  to  l^e  so 
regular  in  general  disposition  as  they  might  have  l>ecn,  but,  ho  supposed, 
that  as  the  piece  of  ground  was  the  starting  point,  it  hud  to  he  made  the 
most  of;  and  Mr.  Mudd  did  not  have  carte  blanrhe  for  his  whole  scheme, 
but  was  limited  to  a  certain  extent  by  the  conditions  ol'  site,  though  this 
was  not  alluded  to  in  the  paper.  Being  of  ati  essentially  descriptive 
character,  the  paper  to  which  they  had  just  listened  did  not  afibrd  mnch 
scope  for  criticism  or  comment.  Moreover,  where  it  is  not  truly  descrip- 
tive, it  proceeds  upon  the  principle  of  laying  down  general  rules  which, 
in  tbe  author's  opinion,  ought  to  guide  the  design  of  all  such  engine 
works.  And  here,  again,  tliei'e  was  very  little  latitude  for  discussion, 
beeanse,  it  seemed  to  him,  thnse  gentrul  rales  could  not  I«  objected  to. 
He  should  like  Mr.  Mudd  Lo  amplify  his  paper  iu  some  pai-ts,  and,  with 
this  object  in  view,  he  would  ask  him  a  few  questions.  He  mentions  in 
hia  paper  tbnt  engines  are  steamed  Ijefore  leaving  the  shop.  Does  that 
apply  to  the  largest  sizes,  at  what  speed  are  they  run,  and  where  does  he 
get  the  steam  ?  There  was  another  point  which  strack  him,  viz.,  the 
fish-bellied  giiders.  'Why  were  girders  of  this  kind  adopted  ?  They 
could  scarcely  fall  to  he  more  expensive  than  if  made  rectangular.  He 
did  not  think  it  occnrred  in  the  pajwr,  and  it  would  be  interesting  to 
know  the  clear  height  Itom  the  0oor  of  the  erecting  shop  to  the  crane 
hook.     It  was  also  mentioned  in  the  pajier  that  the  ground  was  forced, 


DI8CD8SION — PI.4N  ANH  COKSTRU(TION  O 

and  that  it  was  thought  lietter  to  carry  the  main  pillars  down  12  feet 
6  inches,  instead  of  bringing  up  concrete  piers  to  the  surface.  That 
struck  him  as  being  rather  contrary  to  the  usual  opinions  of  engineers 
and  architects  iu  this  matter ;  and  it  would  be  instructive  to  bear  Mr. 
Mudd  further  on  this.  Also,  on  page  64  of  the  paper,  it  is  mentioned 
that  the  girders  have  a  safety  iHctor  of  not  less  than  four  on  the  "  masi- 
rnum  load."  Now,  as  this  is  a  point  which  is  very  important,  perhaps 
Mr.  Mudd  will  state  what  was  the  maximum  load  for  which  he  considered 
it  necessary  to  allow  iu  the  erecting  shop  ?  He  very  much  admired  the 
details  of  the  works.  Thoy  seemed  to  be  replete  with  every  modem 
appliance,  and  he  was  particularly  atrack  with  the  arrangement  on  the 
main  pillars  for  supporting  the  cranes,  by  which  the  weight  falls  within 
the  base. 

Mr.  J.  P.  Hall  said,  he  thought  the  paper  just  read  and  the  plans 
shown  by  Mr.  Mudd  would  be  of  great  service  to  the  Institution  and  it« 
members  generally,  and  bo  hoped  the  Council  would  be  able  to  show  as 
many  of  the  plans  as  they  possibly  could  in  the  Transactions,  especially  the 
ground  plana.  It  would  be  a  great  guide  to  others  having  engine  works  to 
design.  In  reference  to  the  plan  of  the  general  arrangements  of  the  place, 
he  thought  it  was  well  laid  out.  He  thought,  also,  that  there  were 
evidences  of  great  wealth  about  the  whole  establishment,  at  the  same 
time  there  was  evidence  of  very  great  care  in  the  thinking  ont  and  arrange- 
ment of  every  detail  to  save  labour  in  the  transportation  of  material.  The 
saving  of  labour  was  a  very  important  feature  Hhen  it  was  considered 
that  in  our  engine  producing  works  there  was  something  like  26  per  cent, 
of  unskilled  labour  of  the  total  men  and  lads  employed,  and  any  means 
that  would  reduce  this  would  doubtless  make  a  big  difference  iu  the  pay 
bill  during  the  year.  He  thought  that  that  part  of  the  business  had 
been  well  considered  and  well  planned,  aud  he  bo].ied  in  a  very  short 
time  Mr.  Mudd  would  have  an  opportunity  of  testing  his  plant  to  its  full 
power  aud  capacity. 

Mr,  W.  Dalrymple  said,  the  pajjer  read  by  Mr.  Mudd  was  a  most 
interesting  one.  Evidently  great  care  and  practical  knowledge  had  been 
exercised  by  the  designei'  to  produce  an  arrangumtnt  of  workshops  which, 
in  bis  opinion,  would  work  more  economically  aud  better  than  an  alterna- 
tive  plan,  suggested  by  a  prei'iona  speaker  Mr.  Nichol.  in  which  turn- 
tables were  used  to  move  the  work  from  the  shops  to  a  main  line  leading 
to  the  quay.  Willi  reference  to  the  erecting  shop,  the  question  arose — 
Will  it  pay  to  go  in  for  such  elaborately  finished  erecting  tables  on  which 
to  erect  the  engines  aud  test  by  steam  ? 
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Mr.  Wm.  Juhsetose,  Lloj'd'a  Surveyor,  S nude i'l and,  aaid  l;o  aliould 
like  to  ask  Mr.  Mudd  a  question  in  relation  to  the  dme  it;  took  to  &t 
engines  und  boilcre  on  board  steamers  after  the;  were  launclied.  That 
gentleman,  in  bia  paper,  mentioned  five  days.  Now,  he  should  like  to 
know  if  these  were  five  daya  of  nine  hours  each,  or  fire  duya  in  which  the 
work  was  carried  on  day  and  night  ?  Ilia  experience,  in  relation  to  a 
considerable  numhcr  of  vesscla,  was  that  a  longer  time  than  five  daya  waa 
spent  at  the  engine  works.  With  regard  to  the  paper,  he  could  only 
reiterate  what  the  former  speakera  had  aaid — it  was  very  interesting  and 
instructive,  and  the  arrongementa  ahowed  great  forethonght  on  the  part 
of  tlie  designer.  Aa  to  Mr.  Nichol's  model  engine  works,  it  will  be  seen 
that  all  the  shops  adjoin  each  other;  hut  he  thought  Mr.  Mndd,  in  bis 
paper,  proved  that  that  ivaa  not  desirable,  as  the  forge  aud  pattern  ahopa 
shonld  he  kept  some  little  distance  from  the  others — the  forge  to  prevent 
vibration,  and  the  [jattcm  shop  to  reduce  the  chances  of  fire  sjweading  to 
aud  destroying  the  contents  of  the  pattern  shop.  From  the  description 
they  had  had  to-niffht,  he  was  of  opiuiou  that  the  Central  Marine  Engine 
Company  had  a  very  convenient  piece  of  ground,  and  that  they  had  laid 
it  out  to  the  lieat  advantage. 

Mr.  R.  Readhbad  begged  to  thank  Mr.  Mudd  for  his  paper,  which 
was  not  one  for  much  diacusaion.  From  his  experience  he  waa  able  to 
compUment  the  author  on  the  design  he  bad  adopted  and  carried  out 
ancccsafully.  In  criticising  Mr.  Nichol's  sketch  of  his  ideas  of  laying 
out  similar  works,  he  thought  be  altogether  overlooked  one  important 
matter — the  crane  power,  requiring  to  \ie  eqnal  in  most  of  the  spans, 
and  the  turn-tablea  neceasary  to  cany  the  ponderons  weiglits  would  be  ao 
nnwieldy  aa  to  he  practically  useless.  He  must  say  Mr.  Mudd  had 
certainly  made  the  most  of  the  site  he  had  at  his  disixisal,  more  especially 
aa  to  economising  labour. 

Mr.  J.  L.  Thoup&on  said,  he  had  had  the  pleasure  of  seeing  the 
works  whicli  Mr.  Mudd  hod  deacribed,  and  so  far  as  his  idea  goes  the; 
seem  to  be  very  complete,  both  in  the  arrangement  all  through  and  in 
the  labour  saving  appliances.  It  was  rather  a  delicate  matter  to  discuss  a 
particular  works  of  this  kind.  It  stmck  him  the  ijuestioD  as  it  was  aptly 
named  by  Mr.  Hail  is,  what  is  the  sura  you  have  given  to  start  with  iu 
designing  works  of  this  kind,  and  if  costiy,  whether  your  proportional 
charges  arc  not  too  heavy  a  drag  on  the  bnsiness  ?  So  Tar  as  what  Mr. 
Johnstone  had  said  of  the  boats  abeaming  away  so  soon  after  being  placed 
iu  the  hands  of  engineers,  he  thonght,  when  they  were  putting  up  so 
complete  a  works,  if  instead  of  the  she«r  legs  they  had  had  a  steam  crane, 
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while  they  now  did  tlie  work  in  fire  days  steaming  (Icn  daya  to  leave  the 
portj,  he  believed  they  could  have  done  it  in  much  less  time,  because  in 
the  sheer  legs  everything  must  go  straight  to  and  from  the  shed's,  con- 
sequently there  was  a  very  considerable  amount  of  labotirage.  He 
thought  Mr.  Mudd  had  quite  carried  out  Mr.  Boyd's  auggostions  with 
regard  to  descriptive  papere  and  at  the  same  time  had  opened  up  a  very 
wide  field. 

Mr.  M.  Sandison  said,  with  reference  to  the  sheers,  ho  was  of 
opinion  it  was  an  open  question  whether  hydraulic  power  was  preferable 
to  an  independent  engine  and  boiler  for  working  such  an  important  piece 
of  mechanism,  especially  if  the  hydraulic  power  was  distribnted  over  a 
wide  area.  With  a  pressui-e  of  1,000  llis,  per  square  inch  the  giving  out 
of  a  joint  at  some  remote  part  of  the  factory  or  the  failure  of  one  of  the 
machines  might  bring  the  sheers  to  a  standstill — no  light  matter  if  a 
10  ton  boiler  was  hanging  just  over  the  bulwarks  of  a  vessel  in  a  rising 
tide.    He  had  listened  with  pleasure  to  Mr.  Mudd's  paper. 

The  PttESiDENT  said,  not  being  an  engineer  nor  having  seen  the 
engine  works  alluded  to,  he  was  unfortnuat<;ly  unable  lo  criticise  the 
paper.  The  whole  scheme  and  arrangement  had,  evidently,  been  well 
thought  ont  from  the  ground  plan  to  the  construction  of  the  buildings  and 
the  placing  of  the  machinery ;  and,  so  far  as  he  was  able  to  judge,  Mr. 
Mudd  had  certainly  got  the  management  of  one  of  the  most  complete 
engine  works  in  the  kingdom. 

Mr.  Mudd,  in  reply,  said,  referring  to  Mr,  Nichol's  remarks,  there 
could  be  no  doubt  that  the  form  of  the  complete  works  would  have 
been  more  rectangular  if  he  had  had  unlimited  ground  at  his  disposal. 
The  shape  and  size  of  the  ground,  however,  was  the  given  condition  at 
starting ;  and,  fortunately,  the  area  was  not  so  small  as  to  interfere  very 
much  with  the  general  fauilities  required,  or  with  the  adoption  of  a 
rectangular  form  in  the  individual  departments.  It  must  not  be  over- 
looked that  Mr.  Nichol  had  sketched  a  works  consisting  of  only  two 
departments — an  engine  shop  and  a  boiler  shop.  At  the  same  time  he 
was  glad  Mr.  Nichol  had  mode  the  sketch,  because  it  enabled  him  to 
bring  out  more  prominently  than  be  had  done  in  the  paper  one  or  two 
important  jioints.  For  every  bay  on  Mr.  Nichol's  plan  there  would  be  a 
turn-table  in  the  through  road  from  front  to  back.  Turn-tables  were 
abominations  that  he  had  set  his  face  against  from  the  first,  and  he 
was  glad  that  he  had  been  able  tu  make  satisfactory  arrangements 
for  getting  the  materia]  into  and  out  of  th(«e  works  without  the 
use   of  a   single   large   turn-table.     He   might   pay.   in  passing,  that 
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another  speaker  had  remftrked  on  the  expeiiHiveneSB  of  the  erecting  tahles 
adopted  iu  the  erectiug  shop.  The  tiini-tablea  aketched  hy  Mr.  Nichol 
would  have  cost  far  more  without  any  L'orreaponding  return  in  usefulness. 
The  nest  point  was  one  Mr.  Readheod  had  already  tonched  npon, 
namely,  that  in  placing  the  several  bays  of  the  engine  shop  parallel  with 
the  quay  instead  of  at  right  angles  thereto,  the  ovei'head  cranes  would 
require  to  be  of  heavy  calibre  over  every  bay,  as  the  large  pieces  wonld 
have  to  be  lifted  in  every  bay  in  passing  crosswise  through  the  shops, 
thus  losing  the  advantage  ho  had  claimed  as  attaching  to  the  plan  of 
dealing  entirely  with  the  heavy  pieces  in  one  bay  only,  so  that  they  might 
be  always  within  the  power  of  the  same  overhead  cranes  from  entering 
at  one  end  of  the  bay  to  going  oat  fiuished  at  the  other  end.  The  crane 
power,  however,  was  not  all ;  there  was  the  extreme  awkwardness  of 
passing  heavy  pieces  through  between  the  columns  from  one  crane  to 
another,  the  loss  of  labour  in  double  slinging,  and  the  loss  of  floor  space 
in  keeping  several  bays  open  to  effect  the  passage.  Re  thought  the 
boiler  shop  sketched  by  Mr.  Nicliol  was  almost  identical  with  the  one 
ho  had  described,  only  it  was  drawn  the  other  way  across  the  blackboard. 
Mr.  Weighton  asked  whether  they  steam  the  largest  size  of  engines  on 
the  erecting  table,  They  liad  steamed  all  sizes  that  they  had  built  so 
far,  and  they  would  during  that  week  steam  a  set  of  1,400  horse-power 
triple  eipanaion  engines  on  the  erecting  table.  They  had  no  difficulty 
in  mnning  them  at  70  or  80  revolutions  per  minute,  and  they  procured 
the  steam  from  their  factory  boilers.  Seeing  the  engines  were  rnn 
qnite  light,  and  produced  for  themselves  a  high  vaciimi],  their  chief 
difficulty  was  to  regulate  the  admission  of  steam  so  as  to  admit  a  suffi- 
ciently small  quantity  to  prevent  the  engines  running  too  fast.  The 
vacuum  always  extended  right  through  to  the  high  pressure  engine,  so 
that  the  initial  steam  had  to  be  wiredrawn  down  to  a  pressure  consider- 
ably below  the  atmosphere  on  its  entrance  to  the  high  pressure  cylinder. 
With  reference  to  the  shop  girders,  it  was  found  the  coat  was  almost 
exactly  the  same  whether  the  fish-bellied  or  parallel  type  were  adopted, 
and  he  greatly  preferred  the  fish-belhed  type,  mainly  because  when  over- 
head cranes  were  started  or  stopped  in  their  cross  traverse  with  heavy 
loads  there  was  a  tendency  for  the  shop  girders  to  be  thrown  over  or 
collapsed  sideways  ;  and  when  parallel  girders  were  nsed  this  force  acted 
with  a  leverage  corresponding  to  the  whole  depth  of  the  girder ;  bnt 
with  the  fish-bellied  girder  the  leverage  was  reduced  to  halt  because  the 
height  from  the  crane  rail  to  tho  seat  of  the  giider  on  the  column  top 
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was  only  half  the  full  depth  of  the  girder.  This  teudency  lo  instability 
sideways  was  also  the  reason  irhj  he  had  adopted  double  webs  in  the 
girders.  The  height  in  the  erecting  shop  and  boiler  shop  nnder  the 
cranes  was  32  feet  clear,  which  they  had  found  ample.  The  cost  of 
concrete  piers  from  a  good  strong  mixture  of  concrete,  when  compared 
with  that  of  adding  to  the  length  of  the  caat-iron  columns,  was  found  to 
ehow  a  small  difTerence  in  favour  of  the  colamns,  and  this  plan  had 
several  distinct  advantages.  For  instant-e,  near  the  foundry  pita  it  was 
safer  and  tetter  to  carry  the  column  down,  nnd  in  the  engine  shop  the 
large  shoes  and  piers,  if  near  the  surface,  would  ha\o  been  a  groat 
inconvenience  in  arranging  machinery  foundations,  a  difficulty  that  was 
entirely  absent  in  the  plan  adopted.  With  regard  to  the  estimation  of 
the  maximum  load  on  the  girders,  this,  of  course,  varied  with  the  con- 
ditions existing  io  each  particulac  Itay.  For  the  transverse  cmne  girders 
the  crane  was  supposed  to  be  in  the  middle  of  the  shop  sustaining  its 
mwiimum  working  load.  For  the  longitudinal  girders  the  end  carriage  of 
the  heaviest  crane  contemplated  was  supposetl  to  be  in  the  middle  of  a 
longitudinal  girder,  and  tiie  crab  close  up  to  the  same  end  of  the 
iransveree  girders,  aud  sustaining  the  maximum  working  load.  The  load 
on  Golnnin  bases  was  taken  to  include  that  due  to  a  crane  on  each  side, 
close  to  the  column,  and  each  sustaining  its  maximum  load,  the  weight 
of  girders  and  roof  being  added.  Referriug  to  Mr.  Johnstone's  qnery 
regarding  the  time  vessels  were  kept  at  the  engine  works,  the  five  days 
named  did  not  inclndi:  all  night  work,  but  certainly  did  include  some 
overtime.  The  five  days  includid  shipping  the  whole  of  the  machinery 
and  boilers,  setting  fair  and  fixing,  making  all  pipe  connections,  and 
completing  the  platforms  and  gratings,  sufficiently  to  enable  the  engines 
to  be  steamed,  and  the  ship  to  be  returned  under  her  own  steam  to  the 
shipyard,  so  that  the  shipbuildei-s  could  proceed  with  the  Huishing  of  the 
ship  ;  the  engineers  following  the  ship  to  the  shipyard,  to  complete  the 
painting  aud  geneiul  iiuishing  of  tlieii'  work  iu  the  engine  room.  ILo 
begged  to  thank  the  meeting  generally  for  the  patient  manner  in  which 
his  remarks  had  been  hstciied  to,  and  especially  those  gentlemen  who 
had  taken  part  in  the  discuesion  for  their  extremely  kind  criticisms. 
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Third  Session,  1886-87. 


PROCEEDINGS. 


FOURTH  GENERAL  MEETING  OF  THE  SESSION,  HELD  IN  THE 
LECTURE  HALL  OF  THE  LITERARY  AND  PHILOSOPHICAL 
SOCIETY,  NEWCASTLE-UPON-TYNE,  ON  THURSDAY  EVENING, 
FEBRUARY  3bd,  1887. 


W.  THEO.  DOXFORD,  Esq.,  Pbesidbnt,  in  the  Chaib. 


The  Secretary  read  the  Minutes  of  the  last  General  Meeting,  held  in 
Sunderland,  on  December  8th,  1886,  which  were  approved  by  the 
members  present,  and  signed  by  the  President. 

The  ballot  for  new  members  having  been  taken,  the  President 
appointed  Messrs  Stirzaker  and  McKay  to  examine  the  voting  papers, 
and  the  following  gentlemen  were  declared  elected : — 

MEMBERS. 
Ash,  Mortimer  W.,  Ashfield  Villa,  Heaton  Road,  Heaton. 
Bell,  John,  Messrs.  Northern  Marine  Engineering  Co.,  South  Shields. 
Carr,  Thomas,  Messrs.  Carr  &  Co.,  Engineers,  Sunderland. 
Halley,  David,  Messrs.  Barmeister  &  Wains,  Maskln-c^  Skihshyggeri,  Copenhagen, 

Denmark. 
Scotson,  Alfred,  10,  Holmeside,  Sunderland. 
Tatham,  Stanley,  Messrs.  Hawks,  Crawshay,  &  Sons,  Gateshead. 
Thompson,  Charles,  9,  Dean  Street,  Newcwtle. 

GRADUATES  DESIRING  TO  BECOME  MEMBERS. 

Collier,  Percy  N.,  Hurworth-on-Tees,  Darlington. 
Toomer,  Chas.  ]?eynolds.  2fi,  North  View,  Heaton. 

ASSOCIATE. 
Maughan,  William,  Westmorland  Road,  Newcastle. 

GRADUATES. 

Barnes,  William,  6,  Elmwood  Stieet,  Sunderland. 

CouU,  Alexander  B.,  43,  Stanley  Street  W.,  North  Shields. 
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The  President  said,  before  proceeding  with  the  paper,  it  was  Lis 
melaucholy  duty  to  refer  to  the  aoriouB  loss  which  that  Institution  had 
sustained  through  the  death  of  one  of  its  most  euergetie  members.  Mr. 
Ivan  Mftvor,  whose  death  they  now  deplored,  hus  one  of  the  most 
prominent  and  active  meuibera  they  had.  As  a  member  of  the  Council 
he  had  proved  that  he  had  the  iutereata  of  the  Institution  deeply  at 
heart,  for  he  was  one  of  the  most  regular  attendants  at  ail  their  meetings. 
Personfllly,  he  had  only  known  Mr.  Mavor  i'or  a  few  months,  but  even 
in  that  short  time  he  conld  seo  that,  had  he  been  spared,  lie  wtmld 
have  continued  to  take  a  very  prominent  jrasition  in  the  Institution, 
and  have  assisted  in  making  it  one  of  the  inoet  powerfnl  in  the  country. 
To  show  the  great  interest  which  he  tuok  in  all  matters  conneeted  with 
the  profession,  us  soon  as  the  idea  was  broached  that  a  committee  should 
be  formed  to  consult  with  the  authorities  of  the  College  of  Physical  Science 
as  to  the  best  means  of  giving  instruction  in  Engineering  and  N'aval 
Architoctnre,  he  offered  to  read  a  paper  on  the  anhject.  That  pajwr  he, 
fortunately,  had  just  completed  s  but  the  Oonncil  thought  tliat,  under 
the  circumstances,  it  was  bcttei-  not  to  read  it  aa  intended,  but  to  print 
it  in  the  Transact  inns.  He  believed  that  paper  would  Iiave  considerable 
weight  in  the  discussions  of  the  I'ommittoe.  There  were  many  gentlemen 
in  that  room,  he  had  no  doubt,  who  were  more  intimately  ncquniuted  with 
Mr.  Mavor  thau  he  was,  and  who  would  perhaps  like  to  say  a  few  words. 
He  would  only  add  that  fortunately  the  Institution  had  many  memliers 
of  the  same  stamp  as  the  late  Mr.  Mavor,  and  iia  bug  as  it  had  such  men 
as  members  and  on  ite  Council,  he  was  satisfied  that  it  would  continue 
not  only  to  maintain  but  also  to  improve  its  high  position.  He  should 
be  very  glad  to  hear  the  remarks  that  any  gentleman  had  to  make. 

Mr.  Stir/.akeu  said,  though  he  had  rather  some  oue  else  had  spoken 
about  Mr.  Maror,  as  he  was  one  uf  his  most  intimate  friends  it  was 
perhaps  becoming  of.  him  to  do  so.  He  thought  that  the  letter  whioh 
appeared  in  the  Newcastle  ChronKh  and  in  the  Journal  a  few  days  after 
the  accident  told  nearly  everything  which  would  be  of  interest  to  tlie 
.  Institution.  That  Mr.  Mavoi'  was  a  man  of  great  ability  was  evidenced  by 
the  fact  that  though  he  was  only  in  his  27th  year,  he  had  ala-ady,  without 
any  help,  attained  to  a  very  high  position,  and  he  would,  no  doubt,  have 
rapidly  risen  to  the  top  of  his  profession.  The  Institution  conld  ill 
afford  to  lose  him.  He  had  done  much  for  it,  and,  luid  he  lived,  would 
have  done  more.  There  was  a  point  connected  with  this  subject  which 
he  would  take  that  opi»ortunity  of  mentioning.  He  had  intended  before 
doing  BO  to  have  seen  the  President  al)out  it,  but  owing  to  the  absence 
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t  night  of  Mr.  Weighton.  wlio  jiurposcfl  acting  with  him,  he  had  not. 
It  aeeiaed  to  tiiem  that  the  inquest  npon  the  ncciiknt  which  occnrred  by 
petroleum  on  board  the  8.S.  "Petriana"  was  very  unsatisfactory.  Tbey 
had  carefully  read  the  aecount  of  the  inrinest  as  it  had  appeared  in  the 
Liverpool  paix;rs,  in  whii'h  it  wns  very  fully  reported,  and  had  come  to 
the  conchision  that  the  verdict  of  the  jnry  was  not  in  accordance  with  the 
evidence.  The  verdict  stated  that  the  men  had  lost  their  lives  through 
burning ;  bnt  the  four  who  were  found  in  the  petroleum  tank  showed 
little  sign  of  having  been  humed.  There  was  a  mystery  about  the 
accident  which  had  nut  l)fcon  cleared  up,  and  they  considered  that  an 
ordinary  coroner's  inquiry  into  the  cause  of  finch  au  accident  was  not 
Bofficient.  They  recognised  the  fact  that  every  new  trade  miiat  have  its 
TiGtims,  but  thought  that  the  scientific  inquiry  whicli  ought  to  follow 
should  result  in  such  information  as  would  be  of  substantial  benefit  to 
that  trade.  As  far  as  tlicy  conld  sec,  if  this  matter  were  allowed  to 
remain  where  it  was,  ten  lives  would  have  been  sacrificed  in  vain.  He  did 
not  know  whether  he  was  in  order  in  bringing  that  before  the  General 
Meeting,  but  thought  it  dcsinible  that  the  Council  of  the  Institution 
ahould  consider  it.  He  was  Etronf[ly  of  opinion  that  a  thoroughly 
flcientilic  inquiry  should  be  held  to  investigate  the  cause  of  the  accident. 

Mr.  Macoij,  said,  aa  one  who  had  been  associated  on  the  Council 
with  Mr.  Klavor  since  this  Institution  was  first  started,  he  could  say  he  was 
always  bu  earnest,  active,  and  talcuted  worker ;  indeed,  the  example  ha 
had  set  during  that  time  was  a  bright  and  worthy  one  for  each  and  all  to 
follow.  He  was  sure  they  all  felt  his  loss  very  much ;  and  it  was  very 
deaiiBble  that  the  number  of  such  memlwrs  should  be  increased  in 
this  Institation.  As  the  carriage  of  oil  in  bulk  promised  soon  to 
assume  wmsiderable  importance,  it  seemed  a  pity  that  a  gi'eat  deal  of 
the  knowledge  and  warning  that  might  have  been  derived  from  the 
sacrifice  they  deplored  was  likely  to  be  lost  or  ignored  owing  to  the  some- 
what incomplete  manner  in  which  the  inquiry  into  the  late  disaeter  had 
terminated.  They  were  told  there  was  good  in  eveiything,  but  if  there 
was  any  good  in  that  catastrophe  in  the  way  of  iuBtmctiou  it  had  not 
been  laid  doivn  iu  a  way  conducive  to  the  protection  and  safety  of  any 
who  might  l>e  engaged  iu  a  similar  manner.  It  was  proper  from 
many  considerations  that  the  causes  of  the  catastrophe  should  be  mote 
thoroughly  investigated  and  laid  down.  At  present  ail  that  seemed 
defined  was  the  dauger  of  naked  lights,  especially  when  testing.  A  great 
deal  more  ought  to  be  known ;  and,  primarily,  under  ordinary  circiun- 
Btonces,  what  kind  of  lights  are  sale  and  reliable,  as  well  as  imder  what 
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conditions  would  the  ligbts  which  might  he  safe  under  ordinary  circam- 

stanccH  become  dangerous  ?  What  uflcct  would  \'ariatioDB  of  temperature, 
ventilation,  foggy  weather,  and  so  on  produce?  Tliese  were  qncstions 
demanding  conBidenition.  He  did  not  know  whether  tliey  as  an  Institn- 
tion  had  any  locus  standi  in  the  individual  case  liefore  them,  but  be 
considered,  even  from  a  humanitarian  point  of  view,  they,  as  an 
Institution,  had  lair  scope  to  ask,  and,  if  necessary,  ascei'tain  and 
formulate  some  more  definite  information  than  had  hitherto  been 
afforded.  Tlie  whole  matter  had  ceitainly  been  veiy  distressing,  and 
as  it  at  present  stood  was  very  incomplete  and  unsatisfactory.  They 
ought  to  have  derived  some  very  instructive  lessons,  but  these  lessoua, 
warnings,  or  cautions  had  not  as  yet  been  put  before  them  in  that 
intelligent  and  iuBtrnctive  manner  which  he  considered  the  aabject 
deserved. 

The  President  said  he  was  under  the  impression  that  the  deaths  had 
been  cansed  by  burning,  but  from  what  Mr.  Stirzaker  had  said  there 
seemed  to  be  a  considerable  doubt  upon  the  subject.  He  thought  it 
might  have  some  weight  if  that  meeting  passed  a  resolution  requesting 
the  Council  to  take  the  matter  up. 

Mr,  Stibzaker  then  jiroposed,  "That  the  Council  of  the  Institution 
shall  examine  the  evidence  relating  to  the  eiploaion  on  board  the  8,S. 
'Petriaua,'  at  Birkenhead,  on  the  2Ctb  December  last,  with  the  finding 
of  the  corouer's  jury  thereon,  and  that  it  take  whatsoever  steps  it  may 
deem  desirable  to  obtain  a  more  thorough  investigation  into  the  cause  of 
the  Hucideut." 

Mr,  Sandison  aaid,  as  an  old  friend  of  Mr.  Mavor's  he  had  much 
pleasure  in  seconding  the  resolution. 

On  being  put  to  the  meeting  it  was  can-ted  unanimously. 


Mr.  Hknry  Foster  i-cad  a  synopsis  of  the  following  pajier  "On  'The 
Principle  of  Work '  in  relation  to  the  Strength  of  Materials,  and  the  fallacy 

of  'The  Accepted  Theory  *  of  the  Strength  of  Hollow  Steel  Shafting : "— 
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ON  "THE  PRINCIPLE  OF  WORK"  IN  RELATION  TO  THE 
STRENGTH  OF  STRUCTORES,  AND  THE  FALLACY  OF 
"THE  ACCEPTED  THEORY"  OF  THE  STRENGTH  OP 
HOLLOW  SHAFTING. 

Bv  HENRY  FOSTER. 


The  "  principle  of  work"  aa  applied  to  machines  includes  within  itself  a 
truth  which  has  passed  into  a  proverb,  viz., — "  What  is  gained  in  power 
ia  lost  in  speed;"  Imt  in  its  widest  sense  includes  the  whole  theory  of 
equilibrium. 

Of  the  universal  appbcation  of  this  principle  in  regulating  tho 
behaviour  of  mochities,  we,  us  engineers,  have  constant  proof,  and  the 
object  of  this  paper  is  to  drnw  attention  to  a  series  of  ex[jerimeuta  and 
investigations  into  the  behaviour  of  materials  under  tensile,  transverse, 
and  torsional  strain,  illustrating  the  application  of  this  principle  to  the 
calculation  of  the  strength  of  stnicturee ;  and  further,  to  contrast  the 
results  indicated  by  this  law,  and  those  indicated  by  "the  accepted 
theory,"  referring  nil  discrepanciea  between  the  two  to  the  actual  test 
of  experiment. 

In  applying  this  principle  to  materials,  it  is  necessary  to  consider  that 
any  load  bronght  tn  bear  upon  a  structure  prodacea  a  displacement  of  the 
ultimate  particles  of  that  structure,  and  that  the  load  continues  to  move 
until  arrested  by  the  clastic  resistances  induced  in  the  material.  This 
movemeut  representing  the  aggregate  of  the  individual  movements  of 
the  particles  is  measured  by  the  elongation  in  the  case  of  tensile  strains, 
and  by  the  deflection  and  arc  of  twist  respectively  in  the  case  of  trans- 
verse and  torsional  etniins;  and  so  long  as  the  elastic  limit  of  the 
material  is  not  exceeded,  the  elongation,  deflection,  and  arc  of  twist 
respectively  are  directly  proportional  to  the  loads  applied. 

Here,  then,  it  will  be  observed,  we  have  a  fimdamental  statement  of 
work: — a  body  moving  agfunst  a  resistance;  the  body  being  represented 
by  the  load,  the  movement  by  the  elongation,  deflection,  or  arc  of  twiet, 
as  the  case  may  be,  which  it  produces ;  and  the  resistance  oa  that  oflTered 
by  the  particles  of  the  structure  in  resisting  displacement,  and  it  will  be 
shown  in  the  course  Of  this  paper  that  the  work,  as  represented  by  the 
product  of    the  load,  and   the  distance  through   which  it  moves  in 
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displacing  the  particles,  is  proportional  to  the  volume  or  weight  of  the 
structure;  the  weight  and  nature  of  the  structure  thua  bccomiug  the 
gauge  of  its  work-equivalent. 

FifiST  Impressions  of  this  Law. 

While  conducting  a  series  of  ciperiments  some  six  jcars  ago,  at  the 
Newbum  Steel  Works,  for  and  on  behalf  of  his  employers,  Messrs.  John 
Spencer  &  Sons,  on  tbe  ultimate  strength  and  deflection  of  helical 
springs  of  various  forma  of  cross  section,  with  a  view  to  ascertain 
the  particular  cross  section  giving  the  maximum  deflection  and  the 
maximum  load,  the  author  noticed  from  tabulated  results  of  the  experi- 
raente,  that  no  matter  what  the  cross  section  might  be,  the  product 
of  the  maximum  deflection,  and  the  load  producing  it,  divided  by  the 
weight  of  the  spring  was  practioally  constant ;  in  other  words,  the 
work-ei|Uivalent  of  a  helical  spring  was  found  to  be  directly  propor- 
tional to  its  weight,  and  independent  of  its  form  of  cross  section. 

The  results  obtained  from  these  experiments  being  at  variance  with 
what  the  "  accepted  theory  "  would  indiciite,  suggested  the  investigations 
which  the  writer  has  now  the  honour  to  lay  before  you. 

Tknhilb  Strain. 
When  a  bar  of  steel  or  other  elastic  material  of  equal  section  through- 
out its  length  is  placed  under  tensile  strain,  the  immediate  effect  of  such 
strain  is  to  produce  an  elongation  of  the  bar,  and  providing  the  clastic 
limit  of  the  material  is  not  exceeded,  the  elongation  is  directly  propor- 
tional to  the  load  applied  multiplied  by  the   length  of  tbe  bar,  and 
inversely  proportional  to  the  modulus  of  direct  elasticity  of  the  material 
multiplied  hy  the  cross  sectional  area  resisting  extension.      The  strength 
of  the  bar  however  is  directly  proportional  to  its  cross  sectional   area 
multiplied  by  the  maximum  safe  tensile  stress  per  square  incli  of  section 
which  the  material  is  capable  of  resisting. 
Consider  such  a  bar,  and — 
Let  W  =  any  load  applied  to  the  bar  less  than  the  elastic  limit. 
Wi  =  tlie  Diaxiraum  safe  load, 
p   =  the  elongation  produced  by  W. 
«!  =  the  elongation  produced  by  W,. 
E  =  the  modulus  of  direct  elasticity  of  the  material. 
/  =  the  maximum  safe  tensile  stress  per  square  inch  of  section. 
L  =  the  length  of  the  bar. 
a  =  the  cross  sectional  area  of  the  bar. 
All  dimensions  being  taken  in  inches,  and  loads  in  pounds. 
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Then,  from  what  has  been  advanced  it  foUowa  that — 

_\r  X  L  (1) 

*        E  X  a 

Bubatituting  for  (W)  in  formula  (l)  the  sale  bad  Wi  =  d  X  /,  and 
reducing,  the  safe  elongation  is: — 

^«  x/x  L^  /L  (2) 

'  E  X  fl  E 

and  miiltipljing  [he  aafe  elongation  by  the  safe  load,  we  obtain  twice  the 
amount  of  work  obtainable  from  the  bar,  thns: — 

Work  X  2  =/Ji  X  ,  X  f^JUL^JLT        (!» 
Biit  fl  X  L  =  the  volume  of  material  in  the  bar — 

,.Work  =  J™H5|ii/-  (« 

That  is  the  work-eqnivalert  of  a  bar  under  tensile  sti-ain  is  equal  to  one- 
balf  the  YOJuaie  of  material  multiplied  by  the  square  of  the  safe  stress 
per  square  inch  divided  by  the  modulus  of  direct  eJaaticity. 

Tbanbverse  Straiit, 
Raving  determined  the  work-coefficient  of  a  bai'  under  tensile  strain, 
the  following  qucBtiona  naturally  BUggest  themselvea  ; — 

1st, — Can  the  "  prineiijle  of  work  "  be  applied  in  the  case  of  beams 

under  tranaverne  strain  ? 
2nd — What  relation  does  the  work-coefficient  of  a  bar  under  trans- 

verac  strain  bear  to  its  work -coefficient  under  tensile  strain  ? 
3rd — In  the  case  of  a  beam   of  symmetrical  cross  section,  is  an 
alteration  in  the  arrangement  of  material  with  respect  to  the 
neutral  axis  accompanied  by  an  alteration  in  the  work-coeffi- 
cient of  the  beam  per  unit  of  weight  ? 
To  prevent  conlYision,   it  is  necessary  here  to  remark   that  only 
tymmetrieal  cross  section  beams,  or  those  in  whicli  the  neutral  axis 
coincides  with  the  centre  of  height  of  cross  section,  will  be  treated  in 
this  paper. 

In  dealing  with  question  No.  1,  take  the  simple  illustration  of  a  beam 
of  imiform  breadth  and  depth,  supported  at  botli  ends  and  loaded  in  the 
centre,  as  in  Fig.  1,  Plate  18,  or  fixed  at  one  end  and  loaded  at  the 
other,  as  in  Fig.  2,  Plate  18. 

The  strength  of  such  a  beam  decreases  with  its  length  and  increases 
with  its  breadth,  both  in  direct  proportion,  and  increases  aa  the  square  of 
its  depth  1  the  flexibility  however  varies  as  the  cube  of  its  length, 
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inveraely  ns  ita  breadth,  and  the  cube  of  its  depth  ;  thus  the  flezibJlitv 
increaseB  in  a  much  higher  ratio  than  that  expressing  the  redoction  of 
strength  with  increase  of  length,  but  yet  the  product  of  the  deflection 
and  the  load  producing  it  bear  a  constant  relation  to  the  qaantity  of 
material  used,  providing  the  material  is  strained  to  the  same  limit  of 
stress  in  all  cases. 

For  example  :  Let  us  suppose  our  beam  to  be  of  iiiiit  length,  giving 
unit  deflection  with  nnit  load,  and  having  unit  weight,  and  strained  to 
its  maximum  safe  stress  by  the  load  which  it  siipporta.  If  now  we 
double  its  length  it  will  deflect  eit/hl  times  as  much  as  before  wilk  the  same 
load,  but  by  doubling  its  length  wo  have  decreased  its  strength  in  pro- 
portion, and  therefore  it  wOl  only  support  one-half  its  former  load, 
giving  of  course  four  times  its  original  deBection, 
Therefore :  Load  x  Defii.  =  i  x  4  =  2. 

and  in  order  to  obtain  this  product  of  2  we  have  doubled  the  length  of 
the  l«am  and  consequently  doubled  its  weight. 

We  may  carry  oar  illustration  further,  and  instead  of  doubling  the 
length  of  the  beam  let  us  double  ifa  depUi;  it  will  now  deflect  one-tighlh 
of  ita  original  amount  with  the  same  load,  but  it  will  safely  support /o«r 
times  the  load,  giving  4  x  ^  =  J,  the  original  deflection. 
Therefore ;  Load  x  Defii.  =  4  x  i  =  2. 

which  has  been  obtained  by  doubling  its  depth,  and  cousequently  ite 
weight  as  before. 

The  remaining  case,  in  which  the  breadth  of  the  beam  may  be 
increased,  will  be  seJf-evident  and  therefore  requires  no  further  comment. 

But  the  question  might  stilt  be  asked, — Will  the  "  principle  of  work 
theory"  apply  if  we  make  the  beam  of  corrugated  cross  section,  Blill 
hfping  il  sijmmelTi(a1  ?  And  to  eatisfy  the  terras  imposed  by  this 
question,  experiments  were  made  on  plain  and  corrngated  steel  bars, 
Nos.  1,  2,  3,  and  4,  5,  6  respectively  (Fig,  3,  Plate  13);  and  in  order 
that  the  results  of  these  experiments  might  be  uniform  and  comparable, 
and  not  vitiated  by  structural  irr^ularities  of  material,  all  the  bars 
were  rolled  from  one  billet  of  spring  steel,  the  bars  being  afterwards 
annealed  by  placing  them  in  a  funiac*  at  a  bright  red  heat,  closing  the 
damper,  and  allowing  both  furnace  and  test  bars  to  cool  gradually. 
When  cold,  the  bars  were  tested  by  securely  fliing  them  at  one  end  and 
applying  loads  at  the  other,  registering  the  deflections  at  the  point  of 
application  of  load,  and  removing  the  weights  after  each  addition  to 
ascertain  "set;"  the  work-coeflicieiitB  of  the  burs  were  then  compared 
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by  dividing  the  product  of  the  load  and  deflection  corresponding  with 

the  elastic  limit  by  the  weight  of  the  har  ;  and  although  the  Titluea  of — 

Load  in  tbs.  x  Dcfn.  in  inches. 

Weight  in  lbs. 

thus  obtained  are  not  so  uniform  na  might  be  desired,  yet  the  mean 
results  of  8-484  for  plain  bars,  and  8-40i;  for  corrngated  bars,  show  a  very 
close  agreement,  and  justify  the  conclusion  that  their  resjiective  work- 
eqiiivalenta  are  in  reality  the  same. 

In  proceeding  to  consider  question  No.  2,  we  are  met  by  what  Pro- 
fessor Unwin  designates  "  The  old  puzzle  about  the  strength  of  beams" 
(Engineer,  Oct.  29,  1886),  which  may  be  described  as  follows ; — 

The  ordinary  theoiy  of  transverae  strength  leads  to  the  equation— 
M=/Z.  (1) 

Where  M  represents  the  bending  moment,/  the  sti-ess  at  the  edge  of  the 
beum,  and  Z  the  modulus  of  section  ;  and  it  has  long  been  known  that  a 
considerable  discrepancy  exists  between  the  calculated  tensile  stress  ^f) 
on  the  extreme  fibres  of  rectangular  cross  section  beams,  corresponding 
with  their  elastic  and  ultimate  strength,  and  that  obtained  from  esperi- 
ments  on  the  elastic  and  ultimate  tensile  strength  of  the  material ; 
and  it  has  further  been  noticed  that  the  disci-epancy  here  referred  to  is  a 
maximum  fur  rectangular  cross  Lcction  beams,  and  gnulually  decreases  as 
the  cross  section  assumes  the  girder  form,  until  in  the  instance  of  a  thin 
plate  girder  it  is  practically  nil. 

This  discrepancy  has  ollen  been  discussed,  and  various  theories  have 
been  advanced  to  account  for  it,  such  as, "  The  lateral  action  of  the  fibres 
or  particles  on  each  other ;"  "  The  alteration  in  position  of  the  neutral 
asia  due  to  variations  in  the  amoimt  of  strain  applied,"  etc.,  etc. ;  and 
in  a  valuable  paper  communicated  to  the  Institute  of  Civil  Engineers, 
Mr.  Benjamin  Baker,  M.Iust.C.E.,  advocates  the  following  simple  formula 
for  estimating  the  amount  of  error  for  intermediate  cross  sections 
between  girder  and  bar,  and  gives  expression  to  his  views  on  the 
"  accepted  theory  "  in  the  following  terms : — 

The  theory  of  tninHvcrBe  siress  has  engnffed  the  Bttentiott  of  mathematicians 
for  many  years,  tind  certain  bj^iothesea  have  been,  iiiid  still  are,  generally  acteptisd, 
a!th<]up:h  every  practical  engineer  knows  that,  in  the  majority  of  cases  the  catuulnted 
Tcaults  based  apon  these  hypotheses  are  widely  at  variauce  with  those  obtained  by 
eiperiment        •        •        •        •        • 

The  average  resiilts  of  a  veiy  large  nnmber  of  experiments  show,  that  as  regaida 
dellectiiiii  under  tmnavente  sfresR,  a  rail  n.s  n  beam  t«havcs  exactly  in  accordance 
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with  the  nrdinanly  accepted  tlicory,  with  thia  important  diatinction,  (hut  the 
maximuia  d^Section  wilbm  tlie  elastic  limit  La  greater  tlrnn  theoiy  wcruld  indicate, 
by  an  amount  ranging  Ironi  B  to  60  per  cent,,  according  to  the  cross  section  of 
the  rail. 

KxpcrimenU  b;  Hr,  W.  U.  Barlow,*  F.B.B.,  Praident,  Inst.  C.E.,  on  other 
desciiplions  of  beams  ironld  have  indicated  snuh  a  conclusion,  and  that  the  increase 
in  the  elaslic  dcQection,  as  in  the  elastic  and  ultimate  strength  most  necessarily  be 
included  within  the  limits  of  0  and  70  per  cent.,  because  the  increase  is  nil  in  the 
instance  of  a  steel  pinte  girder  with  a  thin  web,  and  averages  TO  per  cent,  in  a  solid 
bar  of  rect«DguIaT  cross  section.  In  estimating  the  probable  increaie  in  the  case  of 
n  lieam,  such  as  a  rail  having  a  cross  set-tion  between  Ihose  two  extremes  of  girder 
and  bar,  the  lint  impulse  naturally  would  be  to  assume  that  it  would  approach  the 
limit  of  TO  [icr  cent,  in  the  same  proportion  as  the  section  of  tlie  rail  approached 
the  solid  rectangular  bar,  that  is  to  say,  that  the  inoreasc  would  be  70  pei  cent., 
multiplied  by  the  sectional  area  of  the  nil,  and  divided  by  the  area  of  the  co- 
closing  rectangle. 

This  simple  asBumption  the  anthor  has  found  to  be  sufficiently  near  the  truth  for 
all  practical  purposes,  as  it  leads  to  equally  uaefu]  results  when  applied  to  a  S-inch 
flange  rail — the  widest  now  rolled — and  tii  a  bull-headed  rail  with  a  2-inoli  bottom 
flange        •        •        •        •        » 

As  regards  the  possibility  of  .lubsti luting  for  the  practical  eiperience  now 
indispensable  In  a  designer,  a  general  theory  of  transverse  strength,  universally 
applicable  and  wholly  satisfactory  from  a  scientific  {loint  of  view,  the  author  is  not 
at  nil  Mingiiine. 

A  careful  observation  of  the  behaviour  of  structures  of  every  class  under  stress 
has  satisfied  him  that  sooner  or  later,  in  every  instance,  a  stage  in  the  iuvestigatioQ 
is  arrived  at,  where  the  general  theoiy  becomes  volueless  and  even  dongeroua,  except 
in  the  hands  of  the  experienced  engineer. — Intl.  of  Civil  Eng,  Proc.,  Vat.  LXII, 

These  inews  candidly  expresHed  by  one  of  our  preateat  engineers,  and 
indicating  the  amount  of  error  between  ihc  actual  and  calculated  strength 
of  beams  of  varying  cross  section,  have  an  important  bearing  on  the 
"principle  of  work"  theory ;  yet,  while  the  actual  trausveree  strength  of 
a  rectangular  beam  la  here  given  as  70  per  cent,  more  than  theory  would 
indicate,  it  is  interesting  to  add  that  Mr.  D.  K.  Clark  places  the  increase 
of  strength  at  75  per  cent.,  or  a  mean  for  the  two  observers  of  72"5 ;  in 
any  case,  however,  the  existence  of  an  element  of  strength  amoimting  in 
the  case  of  rectangular  cross  section  beams  to  over  TO  per  cent,  more 
than  "accepted  theoiy"  indicates,  would  seem  to  suggest  the  necessity  of 
further  investigation ;  although  in  applying  the  "  principle  of  work  " 
to  the  Bulution  of  the  strength  of  beams,  it  soon  becomes  apparent 
that  this  discrepancy  is  absolutely  ueccssarj  in  order  that  the  "  principle 
of  work  "  theory  may  be  true. 

•  Phil.  Transactions.  Royal  Society,  1865-S7. 
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To  illustrate  this  subject,  let  us  consider  the  simple  case  of  a  beam  of 
nniform  rectaogiilar  crosa  sectiou  throughout  its  length,  fixed  at  one  end 
and  loaded  at  the  other,  as  in  Fig.  2,  Plate  18.  Bisect  the  depth, 
C,  D,  at  0,  and  draw  the  horizontal  line  0,  P ;  then,  aiooe  the  beam  ia 
deflected  under  the  load  (W),  the  upper  half  above  the  line  0,  P,  ia 
extended,  and  the  lower  half  compressed ;  and  providing  the  moduli 
of  elasticitj  of  the  material  in  tension  and  compression  are  equal,  the 
elongation  and  compression  respectively  increase  uniformly  from  zero 
at  the  central  point  0,  to  a  maximum  at  the  upper  and  lower  aurfacea 
C  and  U;  and  the  proportional  incrense  may  Ire  represented  bj  the 
triangles  C,  0,  E,  and  F,  0,  D,  in  which  the  lengthening  and  shortening 
of  the  fibres  at  any  given  height  is  represented  by  horizontal  lines  drawn 
across  the  triangles. 

The  horizontal  tensile  Btrese  in  the  upper  half,  and  the  compressive 
stress  in  the  lower  half  of  the  beam  also  increase  uniformly  from  the 
central  point  0,  where  they  are  zero,  to  the  upper  and  lower  surfaces 
at  C  and  D,  and  since  the  stresses  in  the  fibres  and  (lie  deflection  uf  the 
beam  are  directly  proportional  to  the  load  applied,  it  follows  that  if  wo 
consider  C,  0  =  0,  D,  to  represent  the  load  W,  and  C,  E  =  F,  D,  to  repre- 
sent the  deflection,  then  the  triangles  0,  0,  E  and  F,  0,  D,  will  I'epreaent 
the  work  done  by  the  beimi  in  tension  and  compression  respectively,  but 
the  triangles  C,  0,  E,  and  F,  0,  D,  are  together  equal  to  the  parallelogram 
C,  E,  0,  0,  therefore  the  i»rallelogram  0,  E,  0,  G,  equal  in  height  to  half 
the  depth  of  the  beam,  represents  the  total  work  done;  from  which  it 
would  apirear  that  the  material  in  a  rectangular  beam  under  transverse 
strain  haa  only  one-half  the  work-coeflicient  of  the  same  material  under 
teusile  strain  ;  but  the  work-coefficient  of  material  under  tensile  strain  is 
given  by  the  formula — 

therefore,  the  work-coeSicient  of  a  rectangular  cross  section  beam,  in 
which  the  material  is  diatribnted  to  the  best  advantage,  will  be — 


Work  =  i™'|"'-i^-  (=) 


We  are  now  in  a  position  to  investigate  the  work-coeflicient  of  a 
rectangular  cross  section  beam  by  the  "accepted  theory,"  and  to  compare 
the  result  obtained  with  that  given  by  the  "  principle  of  work"  in  the 
caae  of  a  beam  fixed  at  one  end  and  loaded  at  the  other,  as  in  Fig.  2, 
Plate  in.     For  this  purpuse — 
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Let    L  =  the  length  of  the  beam. 
baaih  =  the  breadth  and  depth  respectively. 

W  =  any  load  applied  at  the  extreme  end  less  than  the  elastic  | 

limit. 
Wi  =  the  masimum  safu  load, 
E  =  the  modulus  of  elasticity  of  the  material. 
/  =  the  masimum  safe  tensile  stress  per  square  inch  of  Eectioo,  1 
f,  ^  the  maximum  safe  transverse  sti-css  per  SLjnare  inch,  j 
[modulus  of  ruptui-e]. 


I 


bh? 


W 


[  the  moment  of  inertia  of  the  cross  section  of  the  * 


=  the  modulus  of  section  ("  SL^cepted  theory  "). 

d  =  the  deflection  produced  by  any  load  (W)  at  its  point  of  J 

application. 
di  =  the  deflection  produced  by  the  safe  load  (Wj). 
Vol.  =  the  Tolimie  of  material  in  the  beam. 
All  dimensions  being  taken  in  inches,  and  loads  in  pounds. 

Then,  so  long  as  the  beam  is  uniform  in  cross  section  throughont  its  1 
length,  the  deflection  at  the  point  of  application  of  the  load  is  given  by  ] 
the  formula — 


"  SEl  " 


4WL' 
■  E6A> 


and  here  it  is  necessary  to  remark,  as  pointed  oat  by  BIr.  Baker  in 
the  case  above  cited,  that  the  actual  deflection  of  a  beam  is  in  accordance 
with  that  indicated  by  "  accepted  theory," 

The  safe  loud  ( W,)  capable  of  being  supported  by  the  beam,  aumding 
to  "  aecrpted  theory  " — 

=  W  =^'  =^'  ^^> 

'        L         UL 

Substituting  the  safe  load  given  by  formula  5  for  W  in  formula  4,  and 
reducing,  we  obtain  the  theoretical  siife  deflection,  thw  : — 


'       044'KL  ■ 


W 


•od  multiplying  the  safe  deflection  thus  obtained  by  the  theoretical  s 
load,  we  obtain  twice  the  theoretical  safe  amount  of  work,  thits  ;— 
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But  h  X  h  xh  represents  the  volume  of  material  in  the  beam,  therefore 
formula  7  becomes — 

Workx2  =  iY2';/l  W 

and  the  same  fheorelical  work-equivalent  is  obtained  whether  we  consider 
our  uniformly  rectangular  cross  section  beam  as  fixed  at  one  end  and 
loaded  at  the  other,  or  supported  at  both  ends  and  loaded  in  the  middle  ; 
the  safe  deflection  in  the  latter  case  being  proportionally  less,  while  the 
safe  load  is  proportionally  more.  As  a  matter  of  fact  however  the  actual 
value  of  (Work  x  2)  as  determined  by  experiment  is — 

Workx2  =  il2W!  (9) 

or  three  times  the  theoretical  value. 

It  will  however  be  observed  that  the  material  in  a  beam  of  the  form 
under  consideration  is  not  distributed  to  the  best  advantage,  since  the 
modulus  of  section  (Z)  at  any  given  cross  section  is  not  proportional  to 
the  bending  moment  at  that  section.  The  material  can  be  distributed 
to  the  best  advantage,  still  maintaining  the  same  volume,  by  making  the 
beam  of  uniform  width  throughout  its  length,  and  of  variable  depth 
as  shown  in  Fig.  4,  Plate  19,  the  curve  forming  the  lower  outline  of 
the  beam  being  parabolic,  and  the  volume  of  material  =  §  hhL. 

In  a  beam  fulfilling  these  conditions,  the  theoretical  deflection  at 

the  point  of  application  of  load  is  given  by  the  formula — 

,  _  WTif  _  6WL3  (10) 

2Ei  ""   EM3 

while  the  theoretical  safe  load  is — 

W  -/Z^/^^'  (11) 

Substituting  the  safe  load  Wi,  for  W  in  formula  10,  and  reducing,  we 
obtain  the  safe  deflection,  thus — 

,  _  6L35AV  _  W  (12) 

^'  "  QEbh^L  ""  "EA 

which  being  multiplied  by  the  safe  load,  gives  twice  the  work-coeflScient 
as  before. 

Therefore-Work  x  2  =^  x  *^  =  i^^  (^«> 

but  the  volume  represented  by  f  hhL  in  formula  13  was  made  equal  to 
that  of  the  beam  of  uniform  cross  section,  and  therefore  formula  13 
becomes 

Workx2  =  i^'  ("> 

VOL.  III^1«T. 


from  which  it  follovfs  that  the  accepted  theoretical  transverse   work- 

coefGcient  of  materials  distributed  to  the  l)cst  advantage  in  beams  of 

rc'Ctaii^'uhir  cross  section  is  given  by  the  formnla — 

„    ,        ,  VoI./»  (15) 

Wort  =  i  —    ■^-  ^     ■■ 

Id  tJie  absence  of  experiiiieiitol  data  obtained  from  Iwams  of  this  par- 
ticular form,  the  theoretical  work-coefficient  here  given  cannot  be  com- 
pared with  I'csults  obtained  from  direct  ejfpcrinieiit ;  bnt,  considering 
that  in  tlie  beam  of  uniform  depth  only  ^  of  the  material  is  used  to 
advantage,  giving  a  theoretical  value  of — 

Work  X  •■;  =  5  -^^p^'         l.«^e  Formula  8) 

it  is  reasonable  to  assume  that  when  all  the  material  is  ail^'antageonsly 
used  the  work-coefficient  will  be  increased  in  proportion,  and  give 
value  of — 

...    ,        ,       I       a       1  Vol./' 

and  therefore — 


while  the  tensile  work-coefficient  has  been  shown  to  be — 

Work  =  I  MZ'  (,s) 

giving  a  relationship  of  tensile  work- coefficient  -i-  tiiinsvui-se  work- 
coefficient  of  6  to  I. 

But  reasoning  from  analogy,  it  has  previously  been  shown  tiiat  the 
"  principle  of  work"  theory  would  give  a  relationship  of  2  to  1,  and  a 
transverse  work-coefficient  of — 

Work  =  J°^  instead  of  M'/' 
4E  1-2E 

from  which  it  follows  that  the  Iramverse  work- coefficient  thus  deter- 
mined is  only  one-third  the  amount  required  to  fulfil  the  conditions 
imposed  by  the  "principle  of  work;"  and  comparing  formulie  17  and  18 
with  a  view  to  account  for  this  discrepancy,  it  is  evident  that  if — 

P  X  3  =/A  and  consequently, /V 3  =fx 
or  in  other  words,  if  the  transverse  safe  stress  is  1-782  times  the  tensile 
safe  stress,  then  these  imiwsed  conditions  are  fulfilled ;  and  here  it  is 
necessary  to  nmcmber,  as  previously  pointed  out,  that  the  mean  results 
of  Messrs.  Baker  and  Clark's  observations  give  the  transverse  safe  stress 
»8  1'725  times  the  tensile  safe  stress,  thus  showing  a  remarkable  agree- 
ment with  the  result  indicated  by  the  "principle  of  work," 

In  the  preceding  investigations  it  has  been  assumed  that  the  niuiinli 


i 


Tabu  o>  Tssoiioh  YosonasouT  tasa  idNTs; 
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1       IT     (D'-d')/'I- 

12    4          D'K 

^,Bjr-_.vrL 

1    »(BH'-M'lfl. 

IS    1            H'E 

1  {BH'-MV'L 

y  — H'E — 

1   (llH'  +  i*'l^L 

a       H'E       ' 

1  BCU'-**)/"!. 
9   ^   U-E     ' 
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of  elaaticity  in  teiisioD  and  compression  iire  ecjiial,  which  although  not 
abaolntely  true  in  all  csBea,  is  very  approximately  true  for  ordinary 
materials  of  constrnction ;  at  the  same  time  it  is  essential  to  keep  in 
view  the  fact  that  this  \'ariation,  combined  with  the  variations  in  the 
elaatic  strength  of  similar  bare  cut  from  the  same  material,  is  sufficieut  to 
account  for  varialiooa  in  their  work-equivalento. 

We  now  come  to  tjuestion  No.  3,  viz., — In  the  case  of  a  beam  of 
symmetrical  cross  section,  is  an  alteration  in  the  arrangement  of  material 
with  respect  to  the  neutral  asis  accompanied  by  an  alteration  in  the 
work-equivalent  of  the  beam  per  unit  of  weight  ? 

The  "accepted  theory"  answers  Yes!  The  "principle  of  work"  Nol 
And  in  order  to  arrive  at  the  truth  for  beams  of  various  cross  section,  let 
ns  refer  all  obsen-ed  diKcrei^ncies  between  the  two  to  the  test  of  nctnal 
experiment.  "With  this  object  in  view  consider  Table  No.  1  representing 
the  accepted  theoretical  safe  loads,  safe  deflections,  and  work-coefBciente 
of  various  symmetrical  cross  section  beams,  which  for  simplicity  are  con- 
sidered as  of  uniform  section  throughout  their  leogtb,  fixed  at  one  end 
and  loaded  at  the  other. 

Oonsidering  sections  No,  1  and  2,  Table  No,  1,  it  has  abeady  been 
shown  that  according  to  the  "  piinciple  of  work" — 

/\^'3  =_/;,  and  therefore     -d-  =/, 

Where  /  and  /i  respectively  represent  the  tensile  and  transverse  elastic 
stresses  of  the  material  /,  being  determined  by  the  theoretical  formula 

/,  =  -  ijiiVi  8"^  leferring  to  Tables  Nos,  i  and  3,  giving  the  resuUs  of 
experiments  on  the  tensile  and  transverse  strength  of  pieces  of  steel  cut 
from  the  same  lar,  we  imdu  striking  example  of  the  truth  of  this  relation- 
ship, since  both  the  tensile  elastic  and  maximum  stresses  when  nudtiplied 
by  %/  3  or  1733,  give  a  result  closely  corresponding  with  the  transvei-ae 
elastic  and  altimate  stresses. 

Sole. — PaEFABATios  OF  Tasi-PiECia. — -CoiiBidering  tLat  a  comjiarisoii  of  tlie 
rel&tiTU  tenailir  anil  transverse  «treiiRt)i  of  «tcc1,  >nd  the  relative  strength  of  5c|uaro  aud 
round  barii  do]>eudcd  upon  the  riiiultii  of  eijierimentii  rccnnkd  in  Tublpi  Sn.  2,  3,  mid  4, 
it  KM  arc(M»iU7  that  the  matcTial  of  wtiivli  ilie  teet-pieces  were  made  should  be  m 
unitonn  in  stracture  as  pouiblc.  A  pimw  of  steel  of  kDoim  uniform  qnolit;  wm  there' 
fom  (aben,  and  after  being  drawn  down  uuder  the  steam  lammer,  was  nflcrwsrdi 
rolled  to  1  j  inches  square,  it  beiug  assumud  that  any  atmcturol  irrep^ilarities  left  bj 
the  steam  hammer  would  be  taken  out  in  the  suhseqaent  rolling.  The  whole  of  the 
teat-pieces,  both  tensile  and  transverse,  wore  then  cut  from  one  long  bar,  prepared  m 
described,  and  afternards  machitiol  to  the  dimensions  yivcu. 
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CompBring  tUe  work-TOcflicieiitB  of  Noa.  1  and  3,  Table  1,  for  square 
and  round  gecliona  rcsiwctivcly,  it  might  be  inferred  from  the  relation- 
ship given  that  the  work-eqnivalent  per  unit  of  volume  is  greater  for 
square  than  for  round  beams;  but  it  will  be  seen  from  a  comparJEon 
of  the  results  of  transverse  tests  of  sqnaro  Intra  given  in  Table  3  with 
those  of  rouud  bars  given  in  Table  i,  that  /,^  -r-  !',  =/,'  -r-  li,  where 
/,  and  /,  are  the  elastic  or  nltimate  tranaveree  stresses  for  squai'e  and 
Fuuud  bars  res^ieetively,  culculatud  by  accepted  rnles.  The  actual  work- 
coelficients  being  thus  proved  to  be  equal,  although  otherwise  indicated 
by  "  accepted  theory." 

In  proceeding  to  apply  the  "  principle  of  work  "  theory  to  the  soln- 
lion  of  the  more  complex  forms  {Nob.  ti  to  II,  Table  No.  1)  wherein  the 
material  is  taken  from  the  central  portions  of  the  respective  cross  sections, 
it  will  be  observed  that  the  formulte  representing  their  work- coefficients 
do  not  express  the  work  done  in  terms  of  material  used ;  thus  for 
instance,  in  Section  No.  5,  representing  a  square  tube,  the  expression — 
1  (S*  -  s*)P  L 


should  have  In-'ci 


S'E 


1  (s»  -  a')  n  h  ^  1  Vol /« 
9"  K  9       E' 


in  order  thiit  tlie  work- coefficient  might  be  proportional  to  the  volume  of 
material  used,  and  it  will  be  shown  that  the  difference  between  these  two 
expi-essions  aeconntg  for  the  discrepancies  known  to  exist  between  the 
aetnal  transverse  strength  of  square  tubes  and  that  calculated  by  the 
"  accepted  theory ;''  and  the  same  may  be  said  of  all  the  other  cases  of 
Bymmetrica]  cross  section  l»ams  wherein  the  theoretical  work-coefficient 
determined  as  explained  is  not  proportional  to  the  volume  of  material  in 
the  beam ;  and  therefore  it  may  be  infeiTed  that  the  known  transverse 
strength  of  a  square  bur  may  be  made  the  basis  of  comparison  for  deter- 
mining the  transverse  strength  of  complex  symmetrical  cross  section 
beams,  from  which  in  turn  may  bo  computed  the  tensile  strength  of  the 
material,  in  accordance  with  the  relationship  already  shown  to  exist 
between  the  tensile  and  transverse  strength  of  a  square  bar. 

As  previously  stated,  the  actual  deflection  of  a  beam  of  uniform 
breadth  and  depLh  at  the  point  of  application  of  load  is  in  accordance 
with  what  the  "accepted  theory"  would  indicate;  and  therefore  the  entire 
discrepancy  above  referred  to  has  to  be  accounted  for  on  the  assamption 
that  the  theoretical  modulus  of  section  Z  is  in  error  j  and  acting  on  tbis 
assumption,  we  may  proceed  to  alter  the  formidse  expressing  the  moduli 
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~  of  section  Z  for  symmetrical  cross  section  beams  illastrated  in  TMt  1, 
80  that  their  work-eiiuivalent  may  always  be  represeuted  in  terms  of  na- 
Lerial  used ;  and  afterwards  test  the  formnlee  bhns  obtained  by  refercna 
to  actual  eitperimcuts. 

By  relerriiig  to  Table  1  it  will  be  observed  that  the  formula  repre- 
senting twiee  the  work-coefficient  of  any  beam  is  obtained  by  eabstitnt- 
iug  Lbe  sqaare  of  the  theoretical  safe  load  on  the  end  of  that  beam  in 
place  ofW  in  defleetion  formula — 

i  =  "■!''' 

3F,1 
and  in  ordtr  that  the  nltimat*  product  for  all  sjmiuetrical  cross  seotkna 
may  equal — 

1  Tol./,' 

»       E    ' 
as  in  the  case  of  a  square  bar,  it  follows  that — 

^(^).,.fcit^,  =  jMj. 


Therefore:       safe  load  =   I  («rea  of  cross  section) y.' I, 
•J  SL' 

and  coMeqncntly      Z,  =  J  (area  of  cross  section)  I . 

the  solid  square  bar  thtis  becoming  the  basis  of  comparison  for  all  sym- 
metrical cross  sections. 

On  this  basis  the  annexed  Table  No.  o  of  safe  loads,  safe  deflections, 
modnli  of  resistance,  and  work- coefficients  has  been  calculated,/,  being  in 
every  case  obtained  by  the  ordinarily  accepted  formula — 

■  ■'■  BU'' 

'■and  represents  the  transverse  stress  (modnlns  of  rupture)  for  a  squan  bar 
fixed  at  one  end  and  loaded  at  the  other. 

We  are  now  in  a  position  to  apply  the  "  principle  of  work  "  formnla 
given  in  Table  6  to  the  estimation  of  stresses  in  beams  of  symmetrical 
cross  section,  and  in  order  to  show  their  general  application,  the  following 
Tables,  Nos.  6  to  11,  of  actual  testa  of  beams  have  been  added,  in  which 
the  elastic  and  ultimate  stresses  have  been  calculated  by  "accepted 
theory,"  and  also  by  the  "  principle  of  work,"  the  results  thus  obtained 
being  arranged  side  by  side  for  facility  of  comparison ;  and  bearing  in 
mind  tliat  in  the  case  of  a  rectangular  bar — 
Transverse  stress 


Hfci 


--j= =  tensile  stress, 

teusilti  sirens  tims  computed  hac  also  bteji  added, 
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In  com|taring  tlie  etreraeH  in  symmetrical  beams  deduced  by  theor- 
etical and  "  principle  of  work  "  fomiulne  reapeetively,  lut  us  uonfiider  (he 
various  urose  sections  illustrated  in  Tikbles  Nos.  1  and  5,  in  their  order 
of  arrangement,  Sections  Nob.  1  and  2  having  already  being  considered, 
no  further  comment  is  necessary. 

Referring  next  to  Section  No.  3,  representing  a  solid  round  beam,  it 
will  be  observed  that  while  the  theoretical  modnliis  of  section  Z  is  given 

as  —  D*,  its  value,  in  order  to  comply  with  the  "  principle  of  work," 


in  Table  No.  4,  calcnlated  from  these  two  moduli,  the  tmth  of  the  latter 
cjpreasion  lieconies  apparent,  since  the  transverse  stresses  computed  from 
this  modulas  agree  with  those  obtained  fir  the  square  bar,  while  the 
stresses  computed  fiom  the  theoretical  modiilns  are  much  higher,  although 
the  material  in  both  cases  la  the  same  [  and  here,  as  in  the  case  of  the 
square  bar,  it  is  only  necessmy  to  divide  tin-  "  pn'nciple  of  work  "  trans- 
verse stress  by  VS,  in  order  to  obtain  the  tensile  stress. 

As  a  further  itlnstratiou.  Table  No,  C  has  been  added,  giving  the 
results  of  experiments  made  by  Mr.  W.  IT.  Barlow  on  the  trauBverse 
strength  of  round  ciist  iron  beams,  2-^,  inches  uud  SJ  inches  diameter 
respectively,  and  although  the  actual  tensile  breaking  strength  of  the 
metal  from  which  these  bars  were  made,  as  obtained  from  the  mean  of 
eight  experiments,  wiis  only  fi-S07  tons  per  sfjuare  inch,  the  mean  tensUe 
breaking  stress  on  the  extreme  fibres  obtained  by  the  accepted  theoretical 
formula,  from  the  ti-ansverse  exporimenta  is  2ifl7G  tons  per  square  inch 
for  the  3]\  inch  hsua,  and  17'71  tons  per  squnre  inch  for  the  2^  inch 
bars,  the  comparative  results  given  by  the  "principle  of  work"  are 
H)'u87  and  8-8.')4  tons  per  square  inch  respectively. 

Objection  might  here  be  taken  to  these  "principle  of  work"  results, 
on  the  ground  that  they  are  higher  than  the  actual  tensile  testa ;  but  this 
objection  ia  met  by  the  fact  that  under  tensile  afrnm  u  bar  is  strained 
throngbout,  while  in  the  case  of  a  bar  of  imifomi  cross  section,  sup- 
poi-ted  at  both  ends  and  loaded  in  the  middle,  that  piirt  only  which  lies 
immediately  under  the  load  is  strained  to  its  maximum  stre^,  the 
stresses  gradually  decreasing  towards  the  supports ;  su  that  a  slight  defect 
occuning  anywhere  in  the  tensile  bar  wonld  affect  ita  result,  while  the 
transverse  strength  would  only  lie  aflecttil  when  (he  flaw  happened  to 
occnr  in  the  lower  portions  of  the  bar  immcJiatvly  under  tbo  Imd. 
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TAB   PRINCIPLE  OF   WORK   IN    HHfATION 

For  the  ellipse  Section  No,  4,  the  theoretii.'»l  and  "principle  of  work" 
formulie  are  given  for  compariBon,  ulthoiiL'h  the  writer  has  not  been  alile 
to  find  any  publiBhed  reaiilta  of  eiperinKnta  on  l>eara8  of  this  Bei'tion  to 
wliich  the  Ffspectite  formiiise  oould  be  roftntd. 

Stations  Xo.  5  and  C  of  hollow  gquari:  and  hollow  circulai-  Iteains  pan 
be  referred  to  the  results  of  experimculs  on  the  transverse  strength  of 
east  iron  tubes  given  in  Table  No.  7,  and  hero  it  will  be  obsei-vcd  that 
while  ftccoi-ding  to  theory  the  mean  tensile  bi-eaking  stress  on  the 
extreme  iibres  is  11'507  tons  per  squftre  indi  fur  hollow  BquBre  hcama, 
and  12'582  tons  per  square  inch  for  hollow  cia-ular  beams,  the  compara- 
tive tensile  BtreBsea  ill  tons  per  square  inch  given  hj  the  "principle  of 
work"  are  8'34i  and  8'081  respectively;  ihe  latter  results,  it  will  be 
admitted,  being  more  in  accordance  with  the  ordinary  tensile  strength  of 
cast  iron  than  the  former. 

Sections  No.  7  and  8  are  illustrated  by  the  results  of  experiments  on 
the  transverse  strength  of  hollow  rectangidar  and  hollow  oval  cast  iron 
tubes  given  in  Table  No.  8.  Here  also  the  mean  tensile  breaking  strereea 
of  7'378  tons  per  square  inch  for  rectangular  tubes,  and  9'3(J  tons  per 
square  inch  for  oval  tabes  given  by  the  "priuciple  of  ivork,"  agree  very 
well  with  the  teusile  strengths  of  ordinary  samples  of  oust  iron ;  while  the 
mean  tensile  breaking  stress  on  the  extreme  fibres  of  10'8Sa  tons  per 
square  inch  given  by  "accepted  tlieoty"  for  hollow  reutangdar  tuljea  is 
high,  and  that  of  15-5!)8  tons  per  square  inch  for  hollow  oval  tulies  is 
outside  the  limit  of  tensile  strength  of  ordinary  cast  iron. 

Table  No.  !t  gives  the  results  of  expei-inients  by  Mr.  W,  H.  Barlow 
on  the  transverse  strength  of  cast  iron  beams,  which  serve  to  illustrate 
the  relative  strcsaea  obtained  by  diiferent  formnlfe  for  Sections  No.  9  and 
10 ;  here,  too,  the  mean  tensile  breaking  stresses  in  tons  per  square  inch 
on  outer  fibres  of  16'752  and  I9'178  given  by  "  accepted  theory  "  are 
never  attained  in  actual  experiments  on  the  tensile  strength  of  east  iron, 
and  althoughthe  comparative  results  of  ll'G19  and  10-03Gtons  pcrsqnare 
inch  respectively  given  by  the  "principle  of  work"  ore  high,  it  is  well 
known  Ihat  with  thin  sections  like  those  under  consideration,  in  which 
the  metal  liecomes  chilled,  iIichc  results  are  obtainable- 
Section  No.  9  is  further  illustrated  by  the  experiments  made  by  Mr.  I>. 
Kirkaldy  and  by  Mr,  B,  Baker  on  the  fransvei'Se  strength  of  mlled  joists 
given  in  Table  No.  10;  and  here  also,  it  will  be  admitted,  that  the  actual 
tensile  siresses  on  the  extreme  fibres  corresponding  with  the  elaslic  limit 
nud  buckling  loads  respectively  are  much  hett*r  represented  by  the 
"  priuciple  of  work"  results  than  those  given  by  the  "  accepted  theory." 


to  THE  STRSHOTH  OF  STBnCTURBS. 


0: 


m 


P  P  I  I 


'n'i*i»«'«'w»'W 


9G 

THE   PRINCll'LE   OF 

■ 

WOEK 

IX   IIBLATIOS 

1 

1 

m 

I" 

%  s  g 

1 

i  S  i 

? 

i 

Ill 

r.     X     (O 

1  a  s 

3 

?  ?  ? 

i 

1 
1 

1 

2    S    3 

^ 

i 

J 

c 

i    i    1 

i  i  i 

% 

w 

a 

s 

-.las 

,,„ 

kIs 

g 

N 

1 

\m 

s  S  1 

E 

s    s    1 

s 

^1 

I 

n 

3    2    2 

- 

a  S  a 

- 

ij    u-. 

% 

1    ^    i 

J 

S  S  s 

, 

s  ^ 

"        "         " 

k|g 

" 

faiPOIwin.Mi 

c5  a  a 

3    3    S 

■>?«■•* 

-^    2    ^fi 

S-3 

-    Ill 

■o 

a  9  s 

«     m     M 

a  '<s  a 

^ 

S  S  i 

H 

«^ 

S 

1 
1 

li 

t~  t~  ^ 

1  E   1 

III 

■nqsiil  m  tndB 

K    S    K 

1  s  g  a 

■jaqnroil 

-    "    " 

"        «        BJ 

t 

:H 

l€) 

_ 

a 

- 1 

^^^ 

. 

. 

■ 

J 

TO  THE  STRENGTH  Of*  STRUCTURES. 


97 


H 

H 

< 
O 


O 


s 

H 

o 
fi 

H 

O 

I   P 

M 

n 

o 

M 

M 

» 

H 

P 


P4 

H 


8/^ 


*ai  'bg  jod  tuox 

no  qoai  oi«nI>g 
jad  raox  ai 

9U9AMWUJ, 


9 


1—1 


o 
Ip 

91 


o 

00 


so 


i 


•< 

>« 


X 


|S3 


^^ 


00 
CO 


s 


Si 


g 

s: 

CO 

00 

a»d  Buox  ui 


t>  1^  f-(  CO 

rH  a>  00  CO 

eo  »o  ^  c: 

•  •  •  • 

O  O  r-l  O 


I 

M 


CO 


II 


'satpoi 

ajnmbg  a{  nof^oog 

■Kuo  JO  »MV  r»^ox 


I 

I 


.  ^ 


m 


CO 


CO 


CO 

00 

CO 


CO 


c^ 

^ 


i 


I 


00 


00 


CO 


00 


00 


04 


01 


01 


Ol 
Ol 


o 


•«»qtVlJO»q»idAlf + 

no  9II>I9j|i  JuptVUa 


CO 

01 
Ol 


CO 
Ol 


CO 
01 


04 


*t9ipai  o]  amlg 


Ol 


04 


01 


01 


*j»qaroji 


iH     09 


00 


i 


'  H  -' 


Ol 

O 


§ 


CO  r?  gj  t^  '»4«  Q 

Ol  "^  00  Ol  r-i  CO 

t*  Ol  "r«  05  CO  "^ 

•  •  _y^  •  •  • 

I  00  Od  00  o>  o  o 


CO 


o 


t*   ^   10 

f-*  O  Oi 


Ol  r* 

_   _   _-   CO   ^ 
«H   O   t*   1-^   iH   rH 


o 


CO   00 


00 

l-t 

Ol 

CO 


I 

2q 


I 

N 


fei 


ICO 
CO 


^^ 


CO   CO   CO   CS   CO   CO 


00   00 


00 


to 


CO   CO   00 


01  O  CO  CO  rH  c 

^  rH  ^  -T  Ol  CO 

lO  '^  rH  lO  »0  n* 

"^  iC  -"^  CO  iO  t> 


on 
to 


5 
I 

m 

PQ 


1*^ 


1 01 
I  CO 


N 


CO  00   CO   CO   CO   CO 

CO  so   CO   CO   CO   00 

!'•  l>.   t*   !>.   f«.   t^ 

•  ••••• 

00  03   00   CO   90   CO 


-+ 

''f* 

«*4 

:+ 

•f 

^ 

t^ 

w 

t-i 

r-i 

^^ 

rH 

t-* 

P^ 

• 

• 

• 

• 

• 

-^ 

-* 

"* 

'^ 

Tft 

•* 

\o 

lO 

WO 

lO 

kO 

kO 

to 

to 

lO 

lO 

»o 

to 

rH 

9^ 

rH 

• 

• 

<7^ 

• 

rH 

« 

i 

i 

i 

i 

01 

04 

r!i 

^ 

'^ 

■iC 

"* 

'^ 

^ 

s 

8 

8 

8 

s 

g 

n 

^ 

t^ 

1^ 

• 

^ 

^ 

01 

Ol 

Ol 

Ol 

01 

Ol 

to  to 

8  ? 

tO  to 


52  i2  12 

CO   CO   oo 


to 

CO 

9  9 
to  to 


to 

o  9 
lb  Jo 


CO   CO 

9  r^ 
00  eo 


;s 


.   CO 

01   CO 


r-i   0>   to 


01   CO 

oo   CO 


01   01   01   04   04   04 
t^   t>   1-*   t^   t>   t^ 


fH   04   00   ^   kO   CO 


\ 


I 


a   OF  WORK    IN    RKLATION 


TO  THE  STRBNGTH  OP  STRUCTUKER. 


99 


OB 

H 

OD 

>^ 

O 

P 
M 

|4 

O 

es 

O 
H 


d   « 

^      M 
aa 

(a    g 
n   s 

ea 

H 

if, 

O 


M 


I 


I 


J8 

o 

i 
I 

B 

5 


f-6 


In 


09 


CO      lb 


o 


10       o 
cc      kb 


I 

00 


13 


!2   a   s 

O         O         fH 


Q  «^  2 

5  t*  o 

^  00  t» 

^  o  6 


6 


hi 


1^ 


CO         iH 


I  «>         C3         r-l 

t>«         *^         f-^ 
1-1  -^  lO 


^ 


01 


to 
(b 

04 


00 
04 

o 

CO 


Osl 


CO 

CO 


00 

• 


o 

CO 


I: 


Ol 

o 


o 


§  I  s 


«00CiQ^«00O 

•-••— ti-l^l-lfHfHi-f 


CO  PH 

CO 

00        00 


Ol 


(Y?  -  Hfl)  (tVg  -  tHa)A^-  *Z 


oi 

to 
lb 

CO 


»0 


CO         rH         r-l        CO 

Co      O      o      cS 


CO 


s   8 


CO 


CO 
CI 


i; 


O 

04 


^  rH 

Ol  OJ 


t.0 


CO 

CO 
00 


CO 
r-i 
CO 

00 


rH 
CO 


lO 


kO        X 


01        00 


5 


"* 

$; 

5 


^ 


»b 

CO 


kO 

{; 

00 


kO 

00 


kO 

r-t 
CD 


kO 

r-t 
CO 


CO 
00 


00 


?  s   ? 


00 

8 

00 


g     So 

00      lb 


00 
lb 


'dlhrau  JO  Bvaa^ioiqj,  attoji 


CD 


rH 

CO 


•qeAl  JO  twinionil 


inpv^is 


CO      c5      S      S      ko 


S    R 


•qvi»a 


o 

kO 

kO 

8 

8 

CO 

CO 

CO 
00 

s 

8 

00 

kO 

rH 

kO 

• 

rH 

8 

• 

• 

*p«<yi  Son^onfi  poijaaqo 


<?9 


O 

i? 
04 

CO 


»0  Q  rH  M 

^  OT  !>■  rH 

-J«  kO  CO  rH 

S  8  *■  i2 


S 


O 
04 
kO 

00     a> 


•^iran  oii«»Ta  l»AJ»iqo 


O         -H 


00 


l>-  00  kA  M 

lO  rH  O  Q 

00  O  ^  ^ 

•  •  •  • 

r*  -Tfi  »  la 


>Q©j  a{  OTdg 


o     q     o     o 

04         iH         Ol         rH 


o     o     o     ko 

Ol        rH        rH 


-vm 


PQ 


H 


Ol 

r^         O 


3 


00 

9 


CO 

00 


SSSSSS»*58 


04  rH 


00 


00 


00         00         rH         rH         eO 
r^         ^~t        r^         t-i         ^ 


CO 


kO 

00 


O        04 

IC        CO 


CD 


8 

04 


Od 


a 


• 
% 


••♦ 


•  ««     V 


5  *. 


•  ^* 


*«• 


100  THE   PRISC1PI.E   OF  WOHK   IN   RKLATION 

The  vnluable  reanlta  of  experiment  by  Mr.  W.  H.  Baflow  on  tlif 
trnnererse  strength  of  pierced  rectangular  cross  section  beams,  with 
varying  ratios  of  Area  of  cross  section  to  circumscribed  rectangle,  given 
in  Table  No.  11,  serve  well  to  illuBtrate  the  relative  tensile  breaking 
Btresscs  on  the  extreme  fibres  obtained  by  the  "acL-ept«d  theory"  and  the 
"principle  of  work"  respectively  for  Section  Xo.  II,  and  further  to  give 
the  Holiition  of  "The  old  juizzle  nbont  the  strength  of  BeaniB,"  for  by 
reference  to  the  column  piling  the  tensile  brcftking  stress  in  tons  per 
sqnnrc  inch  on  the  extreme  fibres  determined  by  "accepted  theory,"  it  will 
he  observed  that  the  mean  breaking  stn'ssiv  gradually  decrease  na  the 
ratio  of  area  of  cross  section  of  beam  to  circumscribed  rectangle  decreases, 
and  that,  although  the  mateml  is  the  siime  tbroughont,  the  mean  t«nsite 
breaking  stress  on  the  extreme  fibres  grsdnally  vnries  from  18*35fi  tons 
per  square  inch  tor  the  solid  Imr,  to  1 1-27!)  tons  [>er  square  inch  in  the 
beam  of  maximum  girder  form.  Tlie  contrast  between  these  resnlta  and 
thenniform  results  given  by  the  "principle  of  work"  generally  is  very 
striking,  and  cltarly  shows  that  the  rcuEon  Cor  the  many  observed  cis- 
crepancies  lictween  the  actual  strength  of  beams  of  various  cross  section 
and  their  caknlated  strength  according  to  "  accepted  theory  "  is  dne  to 
the  neglect  of  "the  principle  of  work." 

Before  leai'ing  the  subject  of  transverse  stmin  in  relation  to  sym- 
metricul  (u'oss  section  beams,  it  is  necrssary  in  order  lo  prevent  any 
misunderstanding  that  the  application  of  the  "principle  of  work"  theory 
to  nnsymmetrica!  cross  sections  shonld  I*  briefly  referred  to ;  for, 
although  it  has  been  ndvanced  and  illustrated  by  experiment*  given  in 
the  preceding  lalilea  that  the  work-coeflicient  of  a  symmetrical  beam  is 
not  altered  liy  merely  nllering  its  cross  section  fo  long  as  the  section 
remains  synimetricitl,  yet  in  the  case  of  materials  wherein  the  elastic  or 
ultimate  tensile  strength  is  not  equal  to  the  elastic  or  ultimate  crushing 
strength,  the  work-coefficieut  can  be  increased  by  making  the  beam 
nnsymmetrical,  and  arranging  the  materiul  above  and  below  the  neutral 
axis  so  as  to  take  advanlage  of  the  differeneo  in  the  relative  work-coeffi- 
cient«ofthe  material  under  tencion  and  compi'estiion.  which  object  has 
been  nccomplishc*!  iu  Spencer's  Patent  Corrugated  Spring,  shown  in  Kig. 
No.  5,  Pliile  211. 

TottSlOKAL  STUAIK. 

Hirherto  we  have  considered  the  relative  strengths  and  wnrk-f-i>c(ti''ient8 
nf  materials  under  tensile  and  transverse  ."train,  and  have  endeavoureiJ  to 
show  that  the  "principle  of  work"  accounts  fur  the  discrepancies  known 
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to  exist  between  thtir  actnal  hehftviour  under  Joads  applied  and  that  cal- 
culated l)y  the  "  accepted  theory,"  and  we  have  now  to  apply  the  name 
methods  of  investigittion  to  the  solution  of  various  problems  connected 
with  torsional  strain. 

As  previously  stnied,  it  was  the  bebavionr  of  helical  springs  wherein 
the  material  is  under  torsional  atrein  which  snggested  these  investiga- 
tions, and  although  oil  first  thought  it  may  appear  to  require  a  stretch 
of  imagiuation  to  connect  in  any  way  the  results  of  esperimenta  on  helical 
springs  with  the  l*hiiviour  of  shafting  under  torsional  strain,  yet  the 
relationship  existing  l^etween  the  two  is  so  niiirked  as  to  afford  the  most 
delicate  means  of  testing  the  torsional  strength  and  elasticity  of  materials, 
rapable  of  being  made  into  a  spring;  it  is  therefore  intended,  first,  to 
show  the  relationship  existing  between  the  strength  and  elasticity  of  a 
helical  spring  and  ihat  of  a  shaft  tmdev  torsional  strain,  and  aitcrwards 
to  show  the  relati\,  torsional  strength  and  elasticity  of  shafts  of  various 
cross  sections  from  the  strength  and  elasticity  of  helical  springs  having 
corresponding  cross  sections. 

Firstly,  then,  with  regard  to  the  deflection  and  strength  ol'  u  helical 
spring  made  from  a  bar  of  circular  cross  section, 

The  deflection  of  any  helical  spriiig  is  given  by  the  formu'a — 
_,       LR»W 

rf  =  ini^  (1) 

wh(>re  d  =  the  deflection  with  any  load  (V>' ).  ^^^^H 

L  =  the  length  of  the  bar  anc^ilcd.  ^^^^^^^ 

R  =  the  helical  radina  of  the  spring.  ^^^^^^| 

\V  =  any  load  applied.  ^^^^^B 

G  s=  the  niodulns  of  transverse  elasticity  of  the  material,  H 

I''  =  the  polar  moment  of  inertia  of  ilie  croBs  section  of  the  bar.           H 

And  farther,  let  fl 

n  ^  the  number  of  free  coils.  ^H 

di  =  the  safe  deflection  of  the  spi-ing,  ^| 

n  =  the  diameter  of  the  liar.  V 

Z     —  Te^'  ^  ^^^  modnlus  of  section  of  a  yimd  bar  to  resist  I 

torsion  ("  accepted  tlieoiy  ").  H 

W,    =  the  safe  load.  I 

/;      =  the  safe  limit  of  torsional  stress  determined  by  experiments  ^M 

on  circular  liars.  ^| 

Tol,  =  the  volume  of  material  used.  ^M 

All  the  dimensions  being  taken  in  inches,  and  loads  in  ponnds.  ^H 

VOL.  m.-M>>.  H 
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Then,  in  the  caac  of  u  bar  of  solid  oirwilar  section — 

,  ,     ,  ^32  wa'L 

and  therefore  a  =  — f^^^  (2) 

It  is  also  evident  that  L  =  ^^Rn  very  approziniatelf ,  the  approxima- 
tion being  rendered  nearer  by  the  fact  that  the  bar  stretches  sltghtlj  while 
lieing  coiled. 

SubBtituting  the  value  nf  (L)  thus  obtained,  in  fonnula  {2)  we 
obtain — 


64  >rRnRnV        l!4  hR'W 


G»D' 


iiU' 


V-i) 


which  is  the  formula  given  bj  Profesaor  Rankine  as  representing  the 
deflection  of  a  helical  spring  made  from  a  bar  of  circular  cross  section. 

The  safe  load  capable  of  being  carried  by  the  spring  is  given  by  the 
formula — 

*^'  =  Tr     lu  R  ^^' 

and  substituting  the  safe  load  W,  in  formula  (4)  for  (W)  in  formula  (3), 
and  reducing,  we  obtaiii  the  safe  deflection  formula,  thus; — 
_  64  7.RVP'/;  _  4  ^RY, 
**■  ~~      leiiD'R     ~      (JD      '  '■''^ 

and  multiplying  the  safe  deflection  tlius  obtained  by  the  safe  load,  we 
obtain  twice  the  work -coefficient,  thns: — 

4  imRV,       ffPy  _  inrD'R/.'n 
GD         le  R  4G    " 


Work  X  2  =  - 


(6) 


But  25rRn  =  the  length  of  bar  of  wliich  the  spring  is  made,  and  therefore 
fonnnla  (6)  becomes 


Work  X  2  =  J 


itD"]./' 


But  'D^L  =  the  volnme  of  material  in  the  spring,  and  therefore 


.  Vol.  f,^ 


v..!./,' 


(8) 


(9) 


and  Work  =  i -\ 

which  gives  the  amount  of  work  overcome  by  the  spring  while  being 
deflected  through  a  given  distance  by  a  given  load  determined  as  above. 
Similiiily,  let  D  =  the  diameter,  and  L  =  the  length  of  a  solid 
circular  slitilt,  b^  in  Fig.  G,  Plat«  20.,  fixed  at  one  end,  and  acted  upon 
by  a  weight  (W)  at  the  end  of  a  lever  of  radius  (R). 


rf=^^;.^  (10) 


'^="t:.;-  (11) 
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The  deflection  or  circular  distance  (=  */)  moved  tlirongh  by  the 

weiglit  (W)  at  the  point  of  application  isfgiveu  by  the  formula — 
LR°W 
Gl" 
which,  for  a  solid  circular  Bectioii,  becomes — 

»-  U*Li  ■ 
The  safe  load  (W,)  cniiuble  of  being  supported  at  end  of  radius  (R)  is — 

W,  =  --  ?-*^,  (121 

and  BubBtituting  this  safe  load.  W,.  in  place  of  W  in  formula  (11).  and 
redncing,  we  obtain  the  safe  deflection,  thus  :— 
3gLR'.DV,  ^  2LR/. 

and  miiIti]ilTing  the  wife  deflection  by  the  safe  load,  we  obtain  twice  the 
worfc-coe  Hi  ci  e  n  t — 

Work  X  :■  =  -''"'■'  X    "'"^'  -  J,  '"'I-/-'       ,141 
But  ^  D'L  =  the  volume  of  miiteriiil  in  liie  shaft,  and  therefore 

Workx:i=iY:^'  (15) 

aDd  Work  =  i^'J^'^  (16) 

givin»  the  torsional  work-coellicient  of  a  Bhatl  of  solid  circular  crow 
section  under  conditions  of  load  and  flxiug  already  specified,  being 
identical  with  that  already  obtained  for  a  helical  apring — (see  formula  9). 
Hnt  objection  might  be  taken  to  this  method  of  comparison  on  the 
ground  that  the  values  of/(  calculated  by  the  formula — 
.  _  WK  _  WR 

IG 
from  the  results  of  experiments  on  helical  sprinjjs  made  from  circular 
bars  might  not  correspond  with  the  values  of/,  obtained  from  experi- 
ments on  ordinary  torsion  teat  pieces  of  similar  niuterial  similarly  treated ; 
and  in  order  Ui  test  the  validity,  or  otherwise,  of  this  objection,  the 
following  experiment  was  made  : — 

A  helical  spring  having  the  following  dimensions: — 

Height  of  spring  unloaded  =  14' 

Helical  diameter      ...        =    fi 

Diameter  of  bar       ...         =    l' 

No.  of  coils  ...         =    11^ 

and  made  from  a  bar  of  ordinary  rivet  st<:el,  was  tested  by  succciisive 


L 
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incremenU  of  load,  the  defiectiuns  being  registered  and  the  loads  removed 
afl«r  each  addition  to  ascertain  "set." 

The  firet  ■'set"  corresponding  with  the  elustic  limit  was  obaerred 
with  a  luad  of  IS  cwts.,  or  jj  of  a  ton  on  the  spring,  gi^iui;  a  value  of /< 
by  formula  17  of — 

-        *  X  24 

Now  the  writer  knew  from  previous  eiperience  that  the  torsional 
elastic  limit  of  similar  Steel  tested  in  tlie  ordinary  way  was  reached  when 

the  stress  on  tke  outer  fibres,  uilunlated  by  formula  17,  was  equal  to 
from  9  to  10  tons  per  square  iucli,  tlins  showing  that  the  resnlt«  obtained 
by  one  method  of  investigation  were  identical  with  thoae  obtained  by  the 
other. 

Having  proved  that  the  work-coellicient  of  a  helical  spring  is 
identical  with  the  work- coefficient  of  a  shaft  of  Gimilar  cross  section 
nnder  torsional  strain,  the  next  question  which  suggests  itself  is. — Can 
we  by  altering  the  cross  section  of  the  bar  in  a  helical  spring,  in  any 
way  alter  its  work -coefficient  ?  And  to  satisfy  the  terms  impoBed  by  this 
question,  experiments  were  carefully  conducted  on  several  uubardened 
and  untempered  helical  springs  made  from  the  different  cross  seclions  of 
steel,  illustrated  in  Plates  21.  22,  and  23,  the  results  of  these  experi- 
ments being  recorded  in  Table  No,  VJ. 

In  order  that  the  results  of  these  experiments  might  be  strictly  com- 
parable throughout,  it  was  absolutely  necessary  that  the  material  of 
which  the  springs  were  made  should  be  as  uniform  as  possiliJe,  and  for 
this  purpose  the  whole  of  the  springs  were  made  from  one  ingot  of  mild 
spring  ateel,  and  afterwards  tested  in  the  ordinary  way  by  successive 
increments  of  load,  the  detleotrou  due  to  each  increment  being  registered, 
and  the  load  removed  after  each  addition  to  ascertain  "set."  On  the 
first  indication  of  "set,"  the  springs  were  considei-ed  to  have  reached 
their  elastic  hmit,  and  the  work- equivalents  in  inch  pounds  per  pound 
weight  of  spring,  given  in  Table  No.  12,  are  all  referred  to  this  limit  as  a 
liasis  of  comparison,  and  a  glance  at  this  table  is  sufficient  to  show  that 
the  work-equivalents  of  the  various  springs  are  the  same,  since  the  varia- 
tion between  the  mean  work-coellicicnts  of  diffiirent  cross  section  springs 
is  not  more  than  that  observed  between  different  springs  of  similar 
cross  section,  and  quite  within  the  limits  of  experimental  eiror  and 
strnctural  irregularities  of  the  material;  in  other  words,  weight  for 
weight  and  work  for  work,  one  cross  section  of  helical  spring  is  as  good 
as  another,  and  what  is  true  in  tlie  caisc  of  a  spring  is  equally  true  in  the 
case  of  a  shaft  of  similar  cross  section. 
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TABLE  No.  12. 

EXPBBIXBNTS  CONDFCTED  AT  THB  NbWBUAX  STiiBL  W0BK8  TO  ASCEKTAIN  THE 
BBLATIVE  WOBK-CONFFICIBNTS  OF  HbLICAL  SpBI508  SCADB  FBOM  BaB8 
OF   VABIOCS   CbOSS   SECTION. 


Form  of 
CroflsSecUon. 


i 


OisUnguiah- 

Ing 

Letter. 


A 

B 

C 

D 

£ 

F 

0 

H 

I 

J 

K 

L 

M 

N 

O 

P 

Q 

K 


Weight  of 

Bming 
in  Pounds. 


36*25 
35-50 
3600 
36-75 
3600 
35-50 
34-00 
34-50 

•  •  • 

33-50 
3300 
32-75 
33*00 
33-25 
33-25 
33-25 
33-50 
3350 


Elastic  Limit. 


Load  on 
Spring 

in  Pounds. 


3675 

3710 
8763 
3710 
3640 
3556 
8535 
8500 

•  •  • 

8214 
3290 
8248 
3360 
8500 
3570 
8710 
3735 
3724 


Total  Work 

Done  in  Inch 

Pounds. 


2905 

8031-875 

3005-828 

8077*812 

2961 

2852325 

2820*348 

2821*875 

•  •  • 

2703*400 

2628  840 

2641-800 

2555 

2797-875 

2851800 

2704-625 

2742-474 

2724-610 


Worlc  EqniT»- 
lent  in  Inch 
Pounds  per 

Pound  Wei^t 
of  Bprinc. 


80*18 
85*40 
83*49 
86*09 
82-25 
80*84 
8818 
8179 

•  •  • 

80*69 
79*49 
80*66 
77*42 
8413 
86-76 
81*84 
81*86 
81*83 


Note. — Spring  (I)  was  so  irregular  in  its  results  that  it  lias  be€>u  neglected. 
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We  are  now  in  a  poaition  to  compai-e  these  experimental  reeiUls  with 
tlmae  given  by  acct-'pted  iheorelical  farmiilte;  bni.  unfortunately, t lie  limite 
of  this  {upor  will  not  admit  of  an  investigation  ol'  the  polar  ninments  oT 
inertia  and  toreional  moduli  of  refiistaiicu  fur  t;[liplit;ul  and  puniUel- 
ogram  t;ross  sectioua  aecordiug  to  the  "principle  of  work,"  and  we 
must  therefore  pass  them  over  (although  aware  of  tlie  fact  that  their 
theoretical  and  nctna!  work-coefRcJunte  arc  widely  at  variance  with  each 
otiier),  and  cunfine  ourselves  to  a  consideration  of  the  relative  torsional 
work-coefficienta  of  tlie  circnlur  and  square  cross  eections,  illuRtrated  in 
Table  No.  13,  and  afterwards  consider  the  hollow  circiular  section  No.  3. 
For  this  purpose,  in  Fig.  6,  Plate  20, 

Let  d  =  the  deflection  or  distance  moved  throagh  by   the  load 
( ff )  at  end  of  lever  of  radius  (R). 
L  —  the  length  of  the  shaft. 
R  =  the  radius  of  application  of  load. 
W  =  any  load  applied  at  end  of  lever. 
Wi  =  the  safe  load  applied  at  end  of  levtT. 
di  =  the  safe  deflection  due  to  load  ( W,). 
G  =  the  modulog  of  transverse  elasticity  of  the  material. 
Ip  =  the  polar  moment  of  iuertia  of  tlie  cross  section  of  the  shaft. 
Z,  B=  the  torsioiud  modulus  of  section  of  the  sliaft  ("accepted 

theory  "). 
/,  =  the  safe  limit  of  torsional  Btrces  determined  by  ucjieri- 
ments  on  circular  bait<. 
Vol.  =  the  volume  of  material  used. 
All  dimensions  being  taken  in  inches,  and  loads  in  pounds, 
Referring  to  Table  No.  13,  and  comparing  the  theoretical  work-coeffi- 
cients of  round  and  square  hnrs  resjectively,  it  might  be  inferred  from 
the  relationship  given  that  the  work-equivalent  }ier  unit  of  weight  was 
leas  for  square  than  for  rouud  cross  seciious ;  but  it  bus  already  been 
shown  by  the  results  of  experiments  on  helical  springs  that  their  work- 
equivalents  are  identical ;  and  taking  the  rouud  section  as  the  basis  of 
compariaou,  the  problem  which  we  Imve  to  solve  is — whether  the  low 
value  representing  the  theoretical  work-equivalent  of  a  square  bar  is  due 
to  its  theoretical  deflection  formula^  or  due  to  ka  strei^h  formula,  or  dne 
to  both. 

Firstly,  then,  the  deflection  or  cireulai'  distance  (rf)  moved  through  by 
the  weight  (W)  at  its  point  of  application,  is  given  by  the  formula — 

,1  =  ^^'"^'  ^'^^ 
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.  s-,. 


and  occordiiig  to  "accepted  theory"  11*=  —  for  a  square  section  bar; 
Bubetitodng  this  valne  in  formula  18,  wc  obtain — 

.        6LR'W  (19) 

G8*    ■ 

aa  representing  the  twist  of  n  square  l>nr  within  the  elastic  limit,  while 
in  the  case  of  a  circular  bar  it  haa  been  shown  that — 

.  ^  82LW  (20) 

»rD*ti    ■ 
It  is  evident  that  we  may  transpose  these  foramliE  (19  and  20),  and 
use  them  to  determine  the  values  of  (0)  in  actunl  experiments  on  square 
and  rannd  bars,  thus : — 

a  _  6WR2L  (21) 


rfS^ 


for  square  sections ;  and 


G  = 


32WR'L 


(22) 


for  circular  soctions.  And  in  a  series  of  experimente  conducted  by 
Prof.  Bauscliinger  on  the  torsional  strength  and  stiffiiese  of  square  and 
ronnd  steel  bars  Itom  Eechitza,  Hungary,  the  values  of  (G)  were  deter- 
mined from  these  formulce,  with  the  result  that  in  every  instance  the 
recorded  values  of  (G)  were  greater  for  round  than  for  square  bars,  giving 
a  moEin  ratio  of— 

G  for  square  bars  _ 

G  for  round  bars 
This  fact  beinfr  refori-ed  to  by  Professor  Bauschinger  as  follownr — 


"  II  est  remarqnable  qne  ce  mo- 
dule d'  tlaaticit^  est  toujonrs  plus 
fbrt  pour  les  barres  rectangulaires 
que  pour  les  barres  rondes ;  ce  qui 
permet  de  concluro  que  la  throne 
de  hi  rfeistance  a  la  torsion  n'est 
exacte  mSme  dans  les  limites  de 
I'^lasticit^  que  pour  des  sections 
circulaires." 

Independent  of  these  results  however,  the  relative  deflections  of 
helical  springs  uiade  from  round  and  square  liars  icould  indicate  a  similar 
conclusion,  and  point  to  the  fact  that  the  formula  expressing  the  twist  of 
a  square  Imr  is  in  error  j  because  the  transverse  modulus  of  elasticity  (G) 
is  a  property  of  the  material  and  not  dependent  upon  the  shajie  of  the 


"  It  is  remarkable  that  this  mo- 
dulns  of  elasticity  is  always  higher 
for  bars  nf  rectangular  section  than 
for  round  bars  ;  which  permits  the 
conclusion,  that  the  theory  of  tor- 
sional resistance  is  not  exact  even 
within  the  Uraits  of  elasticity,  ex- 
cept for  circular  sections," 
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bar.    We  may  therefore  proceed  to  alter  this  formnia  (21)  to  rach  an 

extent  that  the  values  of  (G)  determined  frura  it  may  compare  with  those 
obtained  from  round  bars  of  similar  material. 

It  is  evident  on  reference  to  formula  (21),  that  the  entire  discrepancy 
here  referred  to  mnwt  he  doe  to  the  polar  moment  of  inertia  ( I'' ),  Ijecauae 
nil  the  other  fiictfirs  in  the  eqnation  are  experimentally  determined  ;  and 
tlierefore,  in  orJer  that  (U)ror  ronnd  bars  and  (0)  forsqnare  bars  maybe 
iKjnal,  the  polar  moment  of  inertin  for  square  bars  must  he  decreased  as 
follows : — 

Irom  which  n  e  ulitiiin — 

''=        OS'  w 

as  representing  the  torsional  deflection  or  arc  of  twist  for  a  stjuare  bar  ; 
iind  bearing  in  mind  that  the  work-coefficient  of  a  sqnarc  bar  shonld 
equal  that  of  a  mund  bur,  then — 

which  is  obtained  by  substituting  the  sqnare  of  Hieaafe  load  (W,)  in  place 
of  (W)  in  formula  (:!3),  from  which  it  follows  that — 

therefore—  WJ  =  i 41--     =  — ^  —  (26) 


hutW|=  p"'' .  wlure  (  Z,  )  =  the  modnliis  of  torsional  resistance ; 
therefore  (  Z, )  by  formula  (a?)  becomes— 

Z,  =     ,-- S»  =  -SiiJS  X  S^  (28) 

according  to  the  "  principle  of  work."  while  the  value  of  (Z,  ),  accord- 
ing to  accepteil  Iheory.  is — 

Z,  =g-l^a»=-33.-,7xS'  (29) 

and  in  order  to  determine  whether  the  modutns  of  torgional  resistance 
given  by  the  "princiiile  of  work"  forranlii  2«  was  more  iu  acLwdance 
with  actual  results  than  the  accepted  theoretical  modnlns  29,  the  following 
experiments  were  made  on  the  torsional  strenfjih  of  square  and  roimd  test- 
pieces  cut  from  the  same  bar,  the  object  being  to  make  the  clastic  stresses 
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obtained  in  the  case  of  ronnd  bnrs  the  basis  of  comparison  to  whit 
the  elastic  stresses  for  square  bars  determined  hj  formulte  28  and 
respectively  couid  be  referred  ;  and  by  reFereiice  to  the  rtsults  of  these 
experiments  recorded  in  Table  No.  14,  it  will  be  observed  tiiiit  the  mean 
elastic  stress  of  11'538  tons  jjer  square  inch  obtained  by  the  "prineipic 
of  work"  formula  in  the  ease  of  square  bars  is  almost  identical  «ilh  tliat. 
of  1I'554  tons  per  aqaare  inch  obtained  for  rounil  bars — a  result  which  iA< 
to  be  desired,  considering  that  all  the  test  pieces  were  cut  from  oue  bar 
whUe  on  the  other  hand  the  variation  between  the  Iheoretieal  elastic 
stresses  of  13'0I2  and  ir55-t  tons  per  square  inch  respectively  for  square 
and  round  bars,  clearly  indicates  a  source  of  eiTor  due  to  the  neglect  of 
the  "principle  of  work," 


i 


The  Fallacy  of  the  "Accepted  Theohy"  of  the  Strength  or 
Hollow  SHAFTiya. 

In  applying  the  methods  of  investigation  hitherto  adopted  to  bhfl 
solution  of  the  strength  and  work-equivalent  of  a  hollow  shalt  under 
torsional  strain,  we  find  the  same  marked  discrepancies  between  thu 
results  indicated  by  "accepted  theory"  and  those  indicated  by  the 
"principle  of  work,"  and  the  question  naturally  nries, — Is  the  "  principle 
of  work  "  theory  true  in  relation  to  all  other  symmetrical  cross  sections, 
and  not  true  iu  the  case  of  hollow  shafting?  and  therefore,  in  dealing 
with  this  subject,  let  us  contrast  the  lesulta  indicated  by  the  two 
theories,  and  refer  all  differences  to  ihe  tost  of  actual  experiment. 

Firstly  tlien,  in  the  case  of  a  hollow  circular  shaft,  fixed  at  one  end 
and  acted  upon  by  a  weight  (W)at  the  end  of  alever  of  radius  (It), 
Fig.  6,  Plate  20. 

Ijet  D  =  the  outside  diameter  of  the  nhaft  iu  inches. 
rf„  =  the  diameter  of  hole  thraugh  shaft  iu  iuehes. 

P  =  ^C^t— ''i^=the  polar  moment  of  inertia  of  the  cross  seoti( 

of  the  shaft, 
tlien  the  deflection  or  arc  of  twist  moved  thriiu>r|i  by  the  weight  (AV) 
its  point  of  applicfitiim,  is  given  by  the  formula — 

,  _  L  R"  W  (3U) 

"-    Olp 
which  for  a  hollow  circular  section  becomes^ 

„  32    L  R'  W  (31) 


d  =  ' 


und  here  it  is  ueccssury  to  r 
deflection  are  In  accoi'd. 


(B'-t/i)  (i' 
■k  that  both  the   actual  and  theoretical 
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TO  THE  STRENGTH  OF  STRUCTURES. 


Ill 


o 

» 

pa 

< 


H 

o 


< 


S3        ^ 
H 

Hi  OQ 

•<     o 

i  s 

H 


H       S 


O 

CO 

M 
M 
O 


M 


H 
O 


»4 

P^ 

(C 

H 

•< 

GQ 

M 

^ 

•< 

e 

n 

n 

H 

(? 

^ 

H 

-< 

Jz; 

GQ 

H 

^ 

•4 

O 

H 

M 

Ph 

Q 

>< 

H 

» 

CO 

•^ 

H 

00 

>S 

M 

P4 

O 

» 

OS 

Pu 

04 

X 

H 

U 

H 

»H 

Q 

o 

i^i 

OQ 

H 

p 
o 

S 

P4 

P 

CO 

Q 

< 

o 


o 

O 


11 


CO 


S3 


S 

kO 


I 


Pi 


a 
it 


Vi  g 


31 


So 
^  o 


o 

(s    • 

s  >• 

1-8 

3 


I 


i 

CO 


C«9 

o 

CO 


CO 


S 


lO 


X 


eo 

00 


l-l 

o 

CO 


»o 

CO 


04 

CO 


CO 

to 


eo 

CO 


lO 


i 

oo 


04 

00 


00 


3C 

•o 

5*1 


CO 


o 


lO 

CC 
CO 


CO 


l-l 

o 

CO 


»o 

CO 


a 

»o 

to 

3-* 

01 

»o 

Ol 

6^ 

1H 

• 

• 

w-t 

*s»s 

5S 

1> 

^ 

s 

t>. 

t>. 

k> 

iH 

iH 

f-i 

11 

8 

o< 

54 

53:3 

10 

kO 

kO 

V 

Im 

Hi 

98 

cr 

43^ 

^4 

•^ 
•^ 

00 

•  74 

1-1 

00  a  o 

Oi  Oi  o 

i-«  i-«  (M 

<y  <y  c^ 


I 


I 

01 

00 


I 

00 


01 

00 


;o 


CO 


\a 


to 


Od 


to 
01 

CO 

1> 


kO 


CO 


g  fe 


to 


u 

a 

a 


S 


09 

00 


kO 


s 


oi 

CO 


-* 

s 


119 


:iri.E    OF   WOKK    IN    RELATION 


Subatitutiitg  the  llieoietical  safe  load — 

'        16       DE 
in  place  of  (Wj  in  formula  (31),  we  obtain  the  theoa'ticul  safe  deBuction 


i  h  R/-, 


(32) 


.    _.  32  L  R'  )r  (D*  —  rf„  *2/' 
'  ~  16    »(D*-(C)GiTR 

and  multiplying  this  safe  duSection  by  the  thtjoi'etical  safe  loatl.  wu  obtain 
ttoia  the  theoretical  work-equivalent,  thus : — 


Work  X  2  = 


2LRA 
GD 


T  (D*  -  tL*)/. 


lf» 


DE 


4  D'G 


Bat  here  it  will  be  observed  that  the  theoretical  wovk-cquivalent  of 
the  shaft  is  not  represented  in  terma  of  material  osed,  being  Himilar  in 
this  respect  to  Sections  5— ll.Tftble  No.  1,  already  considured  under  trane- 
vcrsG  strain ;  and  acting  on  the  iissumpliou  that  the  "principle  of  work" 
is  eqoallj  applicable  in  the  case  of  a  hollow  shaft  as  in  all  the  other  cases 
previously  considered,  we  may  proceed  to  determine  the  safe  load  (W,) 
and  modulus  of  torsional  rL-sistanct:  (Z , )  by  the  method  adopted  iu  the 
preceding  investigations,  making  the  solid  circular  section  the  basis  of 
comparison. 

In  order  then  that  twice  the  work-coetlicient  of  the  hollow  sliaft 
might  be  proportional  to  the  volume  of  material  used,  and  reprcseriU;d 
by  the  formula — 


Work  X  2  =  i 


Vol./,' 


already  obtained  in  (he  case  of  the  solid  circular  shaft,  it  is  evident  that 
formula  (33)  should  have  been — 

IT  (D'  -  d^ ')  L/, '    _  ,  Vol./,' 


Work  ) 


=  1- 


and  bearing  in  mind  tliac  twice  the  worlf-c^wfBeieut  iu  obtuiaed  by  subati- 
bnting  the  square  of  the  aafe  lead  (Wj)  in  [ilace  of  (W)  in  formula  (31), 
it  follows  that — 

LR'         .,  w._i--(D'-''.')LA' 

(S4) 

-il.'KD' -■>.■) 


iW~- 


,xW,'  =  iJ 


.  W, 


25G  R" 


,  _  |:^/,'(D'-'<.'HD'-i'.')_  "A   jjvrr- 
256  E>  ~  16  K  "^  '•"  ~ 


TO  THK  STaBKOTH   OF  STRUCTUHEH,  US 

(3S) 

jSTB  -^(U'-rf.'MD'-x.'i-rirk^  (D'-i.=)  (!F=d;')W+3J> 

But  W]  =  --vj-'  where  {Z,)  =  the  modtihia  of  torsioiiul  resistance;  and 
therefore  {'/,,)  by  foriQala(b6)  beconiea— 


in  order  to  comply  with  the  "  principle  of  work,"  while  aL-eordiiig  lo  the 
accepted  theory — 

'        16  I)  (i!8) 

the  difference  i>eLwecn  the  i-esulta  ohtainud  by  the  rL-sjH.-ctiic  formnlie 
(37  and  38)  being  conaidernblu. 

Tlie  writer  hiid  prweeded  thus  far  with  bis  invcsttfrationH,  being  able 
t«  compare  the  n-aiilte  indicated  by  the  "  piinciple  of  work  "  with  actual 
published  cx])erimcutB;  bnt  here  a  difficulty  arose,  in  the  fuct  that  there 
were  no  published  rtaidte  of  experiments  on  the  torsional  strength  of 
hollow  shafting. to  which  reference  could  be  made.  At  this  juncture  the 
writer  mentioned  the  subject  to  J.  TV.  Spencer,  Esq.,  of  Messrs.  John 
.Spencer  and  Sons,  Kewburn  Steel  Works,  who  instructed  bim  to  have 
the  necessary  test-pieces  and  experiments  made  to  elucidate  the  question 
at  issue.  The  detail  results  of  these  experiments  are  recorded  in  Table 
No.  lb  and  illustrated  hy  the  Dia^TBrns  in  Plate  '24,  wbereia  the 
radial  distances  from  the  focus  (0)  to  outside  of  diagrams  represent  the 
tons  per  square  inch  for  any  given  angle  of  twist,  the  dotted  line  diagrams 
being  calculated  by  the  theordical  formula,  and  the  full  line  diagrams  by 
the  "  principle  of  work  ;"  and  attention  is  called  to  the  gradual  reduction 
in  the  radial  distances  to  the  dotted  hue  curve,  as  the  diameter  of  hole 
in  test-piece  increases,  although  the  material  in  all  enses  was  the  same. 

Description  and  Prfjxtralion  of  the  Ttst- Pieces. —\\,  was  necessary,  in 
order  that  the  results  of  these  experiments  might  be  uniform  and  com- 
parable, that  the  material  from  which  the  test-piecca  were  prepared 
should  be  free  from  structural  irregnlarities.  A  piece  of  sWel  of  known 
uniform  quality  was  tlierelbre  taken,  and  after  being  "  cogged  "  down 
under  a  steam  hammer,  was  rolled  to  Ij  inches  square,  aud  afterwards 
accurately  machiued  to  the  dimensions  given,  viz.: — 


THE   PaiNCIPLB   OP   WORK    IS   IlELATION 

,  ri25  inches  outside  diiimcter,  solid. 
ri2S      ,.  ..  ,.  iind  ■riini  inchi'B  di 

1-125     „         „  ,.        „    -i;:;:. 


The  whole  of  the  ttst-pieces  Wuij  cut  from  one  long  bar. 

In  Tulilc  No.  lo,  the  elitHtiu  uiid  nltimate  Btreeses  have  been  t-ak-ulitted 
by  the  accepted  theoretital  uud  "  jirinciple  of  work  "  formnlie  respectively. 
the  I'eHUlta  being  arranged  aide  by  eido  lor  compariBon,  and  it  will  be 
oliserved  that  although  liie  material  ib  the  same  throughout,  yet,  accord- 
ing to  "accepted  theorj*,"  the  meau  eliiatic  aud nliimatc atreases  giiidually 
decrease  from  12'G15  and  31'539  tons  per  square  inch  respectively  in  the 
case  of  the  solid  bar,  to  tf-348  aud  25'087  tons  per  square  inch  in  the  case 
of  the  hollow  test-pieces,  with  maximum  diameter  of  hole ;  while  on 
the  other  himd,  both  the  elastic  aud  ultimate  stresscB  given  by  the 
"prineipk-  of  work  "are  practically  uniform  throughout,  thus  clearly 
domoiiBti-ating  the  truth  of  the  "  pi'inciplc  of  work  "  theory  in  reliiti^jn  to 
the  torsional  strength  of  hollow  sliafting. 

Uaving  shown  by  reference  to  actual  ex))ei-iment  that  the  torsional 
strength  of  a  hollow  shaft  is  iu  accordance  with  that  indicated  by  the 
"principle  of  work,"  we  are  now  in  a  position  to  compare  the  relative 
torsional  strength  of  hollow  shafts  with  various  ratios  of  internal  to 
external  diameter,  as  given  by  the  "  accepted  theory  "  and  "  principle  of 
work"  respectively,  and  for  this  purpose  Table  No.  Ifi  has  been  calcnlated, 
giving  the  moduli  of  torsional  resistance,  etc.,  of  u  20  inch  diameter  shaft 
with  varying  diameters  of  hole. 

Column  A  gives  the  ]>erceDtage  ratio  of  imtide  to  outside  diameter, 
and  columns  4  aud  il  the  moduli  of  torsional  ic-iistance  detennincd  by 
"accepted  theory"  and  "principle  of  work"  rcBpectively ;  culnmn  Ti  the 
ratio  of  strength  of  hollow  to  strength  of  solid  shaft  according  to  theory, 
and  column  7  according  to  "principle  of  work;"  column  8  gives  the 
ratio  of  strength  as  per  "  principle  of  work  "  to  strength  as  pur  theory, 
aud  column  9  the  percentage  error  in  nslng  the  accepted  formula. 

For  example,  take  the  case  of  a  hollow  shaft  wherein  the  hole  is  55 
per  cent,  of  the  outside  diameter,  then,  according  to  "accepted  theory,"  its 
strength  is  'M-iii  per  cent,  of  that  of  the  solid  shaft,  but  according  to 
the  "principle  of  work,"  only  7JI"6  jier  cent.;  in  other  words,  its  actual 
strength  is  only  (<7"62  per  cent,  of  that  given  by  theory,  and  an  error  ia 
made  in  using  the  accepted  rule  araountitig  to  ]4'127  Y<-r  wnt. 


TABxafTEST  Pieces  Cut  fbok  0:ri  Bar 
-A 

1 

Dim  en* 

Principle  of  Work. 

+ 

.n 

1 

lUrkofTt»t. 

EzteniiUL 

i>iun.»n 

ElMtio  Limit 
in  Tons  per 
Square  Inch. 

llaiimum  Btren 

in  Tons  per 

Sqoare  Inch. 

M 

bis 

a 

•• 

Q167 

1126 

•279568 

12-615 

31-539 

Q168 

1-125 

•279568 

12-615 

32-083 

Q169 

1125 

•279568 

12-615 

30-991 

McMi 

■  •  • 

12-615 

31-539 

Q170               1126 

'245504 

12804 

31-858 

Q171                1126 

•245504 

12804 

82-480 

Q172 

1125 

•245504 

12-804 

32-792 

Mean 

■  ■  •                 •  •  • 

•  •  • 

12-804 

32-376 

Q173 

1126 

•221106 

12-830 

32-943 

Q174 

1126 

•221106 

12830 

31-209 

Q176 

1125 

•221106 

12-830 

82-250 

Meftn 

•  •  • 

12880 

32134 

Q176 

1125 

•186666 

12-822 

81-628 

Q177 

1125 

•186666 

12-822 

81-217 

Q178 

1125 

•186666 

12-822 

81-628 

j&eftn       •  •  •        •  •  • 

•  •  • 

12*322 

81-491 

Q179 

1125 

•189921 

12-608 

31-771 

Q180 

1128  P 

•  »  • 

13151 

83^976 

Q181 

1125 

•189921 

12-608 

31-771 

Mean  of  Q179  and  QI 

••• 

12-608 

81771 

Note.— The  hole  With  the  same  modolos  Z|  as  in  Q179  and  Q181. 
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TO  THE   8TBEN0TH  OP   STBUCTTTRBS. 
TAHLE  No.  1ft 
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G 
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■9999 

1568-830 

-9987 

99-87 
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20 
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1570&13 

■9999 

1562-848 

99(9 
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■498 

20 

8 

15 

157O-0l)-l 
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15r.2-634 

■98M 

98-89 

1-118 
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20 

1568-S8( 
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1-980 

20 
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In  OMKdraion,  tbe  writer  begi  to  acknowledge  his  deep  sense  of  in- 
debtednesi,  firstl;,  to  J.  W.  Spencer,  Ek|^  for  hk  kind^  interest  and 
aaustMioe,  and  fw  providing  the  nomaronB  test-pieoea  from  which  the 
lesBlts  recorded  in  (ho  preceding  tabtea  hare  been  detomined  in  illc^ra-  . 
Hon  of  the  **  princiide  of  woik  **  theory ;  and,  eeoondl;,  to  the  writer'a 
Isotlier,  Frank,  for  haviag  kindly  diecked  the  lengthy  nnmericid  cal- 
onlationa  inTolved  in  tiie  {receding  investigatioaB. 
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Mr.  J.  C.  Spexce  said,  on  first  rcndiug  tlie  paper  he  was  very  forcibly 
imprcMed  ivith  the  close  agreement  between  the  results  of  experiment 
and  those  calculated  bj  Mr,  Foster's  methwl,  and  e'lually  so  by  the  great 
discrepancies  between  experiment  and  results  calculated  by  the  old 
"accepted  method."  On  further  study  he  came  to  the  paradoxical  con- 
clngion,  that  this  agreement  with  experiment  wai  pniof  positive  thai  Mr. 
Foster's  theory  Ciin  not  bo  the  true  law,  or  at  least  not  the  complete  law 
of  the  subject,  and  conversely  that  the  disagreement  between  the  old 
tlieory  and  eiporiraental  results  is  a  sti-onff  argument  in  favour  of  the 
"  accepted  theory."  The  ideii  which  he  was  about  to  explain  only  occurred 
to  him  a  day  or  two  ago  when  studying  the  iMijier.  He  must  therefore  ask 
tlicir  favourable  consideration  for  any  crudeness  in  his  statement  of  it. 
On  the  first  page  (77)  of  this  paper  Mr.  Foster  uses  the  expression,  "so 
long  as  the  elastic  limit  of  the  material  is  not  exceeded,  the  elongation, 
deflection,  and  arc  of  twist  respectively  are  directly  proportional  to  the 
hiads  applied,"  yet  in  the  body  of  the  paper  he  entirely  ignores  the 
fact  that  the  modulus  of  ehisticity  is  only  a  constant  tjctwcen  the  limits 
therein  named.  (It  should  be  said,  that  in  doing  so  Mr.  Foster  is  in 
Tery  good  company,  as  every  other  author  docs  the  same.)  This  fiict  is 
however  of  great  importance,  attention  to  it  solves  at  once  the  old 
"  puzzle  about  the  strength  of  beams,"  whicli  has  puzzled  a  generation  of 
able  engineers  and  mathematicians,  while  the  solution  stares  them  in 
tlie  face  in  the  most  elementary  experiment  on  strength  of  matflriala, 
namely,  the  breaking  of  a  Eiwcimcn  of  iron  by  tensile  strain.  (Jorisider 
what  happens  when  a  specimen  of  iron  or  steel  is  broken  by  a  direct  pull 
ill  a  testing  machine,  the  load  iwing  appliwl  gi'adoally.  At  first  the 
specimen  elongates  slowly  and  uniformly  till  the  strain  reaches  the  elastic 
limit  of  tJic  material.  After  tJiat  it  begins  to  elongate  much  more  rapidly 
till  the  hist  tun  will  probably  stretch  it  more  than  the  first  20  tons.  If  a 
strain  diagram  of  tlilsproccssbemade,  it  will  form  a  fignrc  something  like 
the  following  sketch  (Fig.  IJ. 
Wliere  lengths  along  the  line 
A  B  represent  the  weights  and 
heights  alx)vc  A  B  represent  the 
corresponding  extension  of  the 
bar.  Then  as  the  extension 
varies  unifonnly  with  the  strain 
while  that  is  below  the  elastic  limits,  a  straight  line  such  as  A,  0, 
will  be  tlio  strain  diagram  up  to  the  limit,  but  beyond  this  point  the 
extension  increases  at  a  much  faster  niCe  than  the  strain,  so  that  the 
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Btriiin  ditigram  will  no  longer  be  a  straight  line,  bnt  a  broken  line  or 
curve,  such  aa  C  D,  increasing  jn  steepness  till  at  the  point  of  ruptare  it 
gws  ofT  to  infinity,  pcrpcridiunlar  to  A  B.  Keit  coiisiJer  the  strain 
diagram  of  that  lialf  of  a  beam  which  is  iti  tension  when  the  bcaia  is 
loaded  to  its  breaking;  stniin  (Fig.  2).     0  A  is  the  neutral  aiia  of  beam. 


15  ¥  is  tlic  t^jji  nf  boani.  When  a  beniii  is  Iitut  under  a  load  the  amount 
of  extension  in  any  layer  of  the  beam  wili  vary  directly  as  the  distance  of 
that  layer  from  the^neutral  axis,  and  the  triangle  C  B  0,  will  represent 
accurately  the  rate  of  extension  in  each  layer;  also  for  any  struin  below 
the  elastic  limit.  ExteDsiou  and  strain  are  in  direct  proiwrtion,  so  that 
for  any  such  strain  a  straight  line  sucl)  as  C  0,  would  be  a  correct  diagl^ara 
of  the  strains  on  each  layer.  But  when  the  strain  exceeds  the  elastic 
limit  tlie  dingrain  will  no  longer  be  a  straight  line,  bnt  a  curve  as  in 
Fig.  1.  Thus  from  0  to  I),  when  Ihe  slraiu  is  below  the  elastic  limit,  it 
will  be  a  stmight  line,  from  I)  to  E  a  curve,  gnidiially  becoming  steeper 
till  at  the  point  of  rupture  it  is  vertical.  If  this  is  a  cori'ect  view  of  the 
Buhj'eut,  and  (although  the  form  of  curve  does  not  pretend  to  lie  occuraU-, 
and  would  probably  vary  for  different  mat<.Tials)  no  one  can  look  at  a  bar 
bciog  broken  in  testing  without  seeing  that  this  is  apprasimatcly  correct ; 
the  truth  nud  the  error  of  Mr.  Foster's  new  theory  and  of  the  old 
established  theory  will  be  evident.  The  error  common  to  both  is  that 
they  assume  the  triangle  C  B  0,  aa  the  strain  dii^ram,  not  only  for 
strains  below  the  elastic  limit  but  for  all  strains.  (Continue  the  line 
0  D,  till  it  cuU  the  tup  line  of  beam  in  F  ;  also  join  the  |x)ints  E  and  0, 
by  the  hue  0  E,)  Now  the  old  theory  assumoB  (wrongly)  that  the  stmin 
diagram  is  the  lino  0  F  {that  is  a  continuation  of  the  straight  line 
which  would  be  the  true  diagram  of  strains  below  elastic  limit),  and  that 
therefore  the  strain  on  the  top  layer  is  represented  by  the  length  B  F. 
IVhilo  it  is  now  aoen  that  the  strain  on  the  top  layer  is  not  B,  F,  bnt 
B  E,  and  this  is  the  full  solutiim  of  the  old  pnizle  about  beams.    The 
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puzzle  was  liow  to  ncuount  for  tlie  fact  Lliat  the  apparent  strengtii  of  tho 
top  Ibj-ctb  of  a  beam  was  greatly  in  excess  of  the  real  strength  of  tho 
inatorial  othernisc  dekrmincc!.  The  mistake  vm  in  supjmaing  that,  the 
Btrain  raried  directly  as  the  extension,  for  strains  hey<nd  elastic  limit, 
On  ihe  other  hand  Mr.  Foatcr's  theory  also  assnincs  llmt  the  strain 
dingram  Ib  a  triangle,  and  Iiia  formalse  give  nitimnte  strength  of  beams 
which  agree  with  experiment,  so  that  his  strain  diaijram  for  the  beam  at 
puiot  of  rupture  must  be  the  line  0  E.  Now  this  coincides  with  the  assumed 
trne  strain  curve  ODE,  only  at  the  extreme  jwints  0  and  E,  that  is  at 
breaking  strains,  and  at  no  strain,  so  that  evcu  if  Mr,  Foster's  theory 
gives  reliable  results  for  breaking  strength  it  is  not  so  roHablo  (for  safe 
working  strains)  as  the  old  formula,  wliieli  at  strains  below  elastic  limit 
coincides  with  the  true  strain  diagram.  It  will  now  bo  sclfevident  why 
the  speaker  thinks  agreement  with  experiment  an  argument  i^ainst  Mr. 
Foster's  theory,  and  disagreement  with  exi">eriment  an  argument  In  favour 
of  the  old  theory.  Tliey  both  start  from  the  wrong  basis  that  the 
modulus  of  elasticity  is  a  constant,  and,  if  rightly  reasoned,  should  come 
to  wrong  conclusions,  the  old  theory  does  so — hence  the  beam  puzzle. 
Mr,  Foster's  theory  agrees  with  experiment,  therefore,  thoogb  he  (Mr. 
Spcnce)  has  not  detected  the  flaw  in  his  reasoning,  he  was  confident  there 
is  such  a  flaw,  and  would  venture  lo  pi^ophesy,  that  if  instead  of  making 
his  experiments  with  materials  of  uniform  character  (for  the  purpose  he 
had  in  view  he  was  compelled  to  do  so)  he  used  materials  of  very  different 
character,  he  would  find  his  experiments  varying  considerably  from  his 
calculations.  By  the  theory  thus  roughly  outlined,  it  can  bo  seen 
at  once  why  solid  rectangular  beams  should  show  gi'eater  disagreement 
with  the  old  calculations  than  girdera  and  other  hollow  sections.  Thus, 
when  the  top  layer  of  a  beam  of  rectangnlar  section  is  strained  beyond  its 
elastic  limit,  the  extra  stretching  of  this  layer  ^__ 

does  not  increase  the  strain  on  it  to  a  propor-         "i 
tionate  extent,  and  the  beam  will  not  rupture  f 

until  a  very  lai'ge  part  of  the  solid  section  of 
the  beam  is  strained  to  breaking  point.  But  in  a  gii-der  of  X  section, 
when  the  top  flange  is  strained  to  its  brciiking  point,  the  Ijeam  will 
break,  as  the  siip|X)rt  it  gets  from  tho  web  will  add  but  very  little 
to  its  strength.  Mr.  Foster's  formulie,  based  on  weight  of  material, 
will  probably  bo  more  accurate  for  breaking  strains  than  other  formnlaj 
based  on  distribution  of  material,  without  being  more  reliable  for  work- 
ing strains.  The  foregoing  arguments  show  that  agreement  with  experi- 
ment at  brenking  strains   is  an   argument   against  agreement  under 
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working  Btrtiiiis ;  and  this  vill  hold  for  ehafla  as  for  lieams,  udIces  ihc 
tiioduliis  oF  dasticitf  in  torsiou  is  a  constant  (wliicli  is  higlily  improb- 
able) for  all  strains  above  as  well  aa  below  the  elastic  limit.  Mr, 
Foster  certainly  drserred  tlicir  tlinnks  for  his  most  able  and  most 
BUggeative  puin-r,  for  whether  the  Institution  was  disposed  to  agree  to 
Mr,  FoBtflr's  new  theory,  or  to  retain  the  old,  or  accept  of  the  sng- 
geations  luid  down  by  himself  (Mr.  Spence),  it  mast  be  conceded  tbat 
very  much  knowledge  is  gained  from  a  searching  esamination  and  appeal 
to  eipcriment  in  the  endeaTour  to  estabiish  Oie  accuracy  of  fundamental 
theories. 

Professor  GiuSETT,  of  the  College  of  Physical  Science,  Newcastle- 
npon-Tyne,  moch  regretted  that  the  short  time  wliich  he  liad  been 
able  to  give  to  Mr,  Foster's  piipcr  had  not  allowed  him  to  do  it  justice, 
as  it  must  Iiave  iurolved  an  enomions  amount  of  labour,  and  could 
not  fail  to  be  a  valuable  contribution  to  our  knowledge  of  tlie  elastic 
properties  of  steel.  Mr.  FosttT  was  not,  however,  justified  in  his  con- 
demnation of  "  the  accepted  theory "  ou  the  strength  of  his  experi- 
mental results,  for  that  theory  was  intended  to  apply  only  so  lung  m 
no  portion  of  the  body  was  stmined  beyond  its  elastic  limit,  tbat  is,  in 
the  case  of  bending,  only  so  long  aa  Hooke's  law  strictly  applies  to  every 
portion  of  the  body.  He  would  therefore  confine  himself  to  three  points, 
and  attempt  to  show — 

1. — That  the  "  principle  of  work,"  when  properly  applied  to  trans- 
verse strains  is  consistent  with  the  "  accepted  theory  "  so  long 
as  no  portion  nf  the  apecimcu  is  strained  beyond  its  elastic 
limits  (and  it  Is  only  within  these  limits  that  the  "accepted 
theory"  pretends  to  l»e  applicable). 
2. — That  the  behaviour  of  iron  and  mild  steel  in  the  testing  machine 
when  exposed  to    direct    tension    completely    ex|]Iains   the 
apparently  high  limit  of  elasticity  when  a  bar  is  subjected  to 
bending  stress  just  beyond  its  limits  of  perfect  elasticity. 
8. — That  the  excessive  torsional  strength  of  hollow  shafting  may  be 
accounted  for  in  precisely  the  same  way  as  the  curresiKinding 
charactoristic  in  the  transverse  strength  of  beams. 
I, — The  author  of  the  paper  under  discussiou  correctly  obtains  the 
expression—  j^  Volume  xp 

2  K 

for  the  work  absdrlied  by  a  bar  subject  to  direct  tension,  provided  that 
the  limit  of  elasticity  be  not  esceu'Ied.     As  soon  as  this  limit  is  [passed 
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Fig.  3. 


this  formula  is  very  far  from  true.  Tlie  discrx'jKmov  which  tlie  author 
professes  to  have  found  between  the  results  obtaineil  fr^>in  ilic  ••  principle 
of  work"  and  those  given  by  the  ** accepted  thci»ry,"  as  far  as  irausvorso 

strains  are  conoorncil,  rests  whi>llv  on  the 
investigation  on  pages  So -80,  and  tlie 
nietliod^  by  wliich  formula  :^,  on  iv;ige  8;^, 

is  detluccd   is  fallacious.      Relorring  to 

I    ^T  Fig.  o,  and  considering  the  section  D  0  C, 

both  the  extension  and  the  tension  of  the 
fibres  from  0  to  C  vary  as  the  distance 
of  the  fibre  above  0.  But  the  work  done 
in  stretching  a  fibre  under  the  eliustic  law 
is  one-half  the  product  of  the  tension  and 
extension,  and  therefore  varies  as  the  square  of  either.  Hence  the  sum- 
mation of  the  elements  of  work  done  in  stretching  the  several  fibres  from 
O  to  C  in  a  transverse  section  of  given  small  thickness,  measured  along 
the  length  of  the  beam,  is  the  summation  of  a  series  of  quantities,  Ciich 
proportional  to  the  square  of  the  distance  of  tiie  corre8iX)nding  fibre  from 
O,  and  is  identical  with  the  determination  of  the  volume  of  a  cone  by 
summing  up  the  several  thin  slices  perj)endicular  to  the  axis.  Now  the 
volume  of  a  cone  is  one-third  of  the  height  multiplied  by  the  area  of  the 
base,  and  so  for  the  work  done  in  the  extension  we  have — 

Work  X  2  =  Jl  Yph'^'^J^J^ 

8  E 

1  Volume  X  r 


or,     Work  =  — 


E 


And  a  similar  result  obtains  for  the  fibres  subject  to  compression,  so  that 
for  the  whole  thin  slice  we  have — 

Work  =  1  XgL^"!^x./' 
6  E 

The  coeflScient  being  ^  instead  of  ^,  as  given  in  the  pai)er,  and  the  work 
being  one-third  of  that  corresponding  to  direct  and  uniform  tension.  If 
we  now  consider  the  whole  length  of  a  Ixiam  of  uniform  section  loaded  at 
the  end,  which  is  worked  out  in  accordance  with  the  "accepted  theory," 
on  pages  84  and  85  of  the  |Niper,  wc  observe  that,  dividing  the  l)eam  into 
eqoal  transverse  slices,  similar  to  E  F  G  H,  the  tension  in  the  top, 
or  any,  the  same,  fibre  of  any  section  is  proportional  t^j  the  distance  of 
the  section  from  the  loaded  end.  Hence  the  work  done  in  stretching 
•  that  fibre  within  the  thickness  of  the  section  is  proportional  to  the  square 
of  the  same  distance.    Tlie  summation  of  the  work  aljHorbcd  by  the 
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Beveral  sections  ia  tliererore  the  cone  problem  over  again,  nnj  since  the 
work  absorbed  by  the  last  Eection,  correspoudiDg  to  the  bace  of  the 
cone,  is — 


it  followa  that  the  work  absorbed  by  tlie  whole  heitn  ia— 
I  Volume  of  beam  x  /* 


18 


"B 


which  Agrees  with  equation  8  on  page  85,  the  result  of  the  "accepted 
tlieorj."  Again,  in  the  parabolic  beam  of  unifonn  slrength  the  tension 
of  tbo  top  fibre  of  each  section  is  cqnnl  to  tiie  elastic  lioiir.,  anil  the  work 
done  on  each  section  is,  therefore,  proportional  to  its  volnme,  every 
Bcction  being  strained  like  the  last,  and  the  work  absorbed  by  the  whole 
lynm  is — 

1  Volnme  x  /' 

Bnt  we  Imvc  stcn  that  in  a  uniform  beam  the  work  absorbed  in— 
1  Volnme  x ./ ' 
18  E      '~ 

(while  the  volume  of  the  uniform  beam  isone-nnd-a-halftimca  tbatof  the 
parabolic  beam  of  the  same  strength).  Hence  the  work  di^nc  on  the 
uniform  beam  is  one-tbird  that  done  on  the  parabolic  beam  of  the  same 
lolume  when  bent  to  the  limit  of  elasticity.  We  cannot,  therefore, 
assume,  as  on  page  86,  that  witli  a  beam  of  nuiform  depth  the  work  done 
is  lico-thirda  of  that  which  would  be  done  in  a  parabolic  beam  of  the  same 
volime,  for  it  is  only  ene-lfn'rd  of  that  amount  while  it  is  only  one-half  of 
that  which  would  be  done  on  a  parnbolic  beam  of  the  same  alrnigtk. 
Equation  17  should,  therefore,  be — 

1  Vol.  :<,/^     ,„,,^,„,    _LVoI.  XT 


Work  =  i-  -? 


V. 


iof 


12 


and  substituting  the  true  ratio  of  3  to  1  instead  of  2  to  1,  as  given  i 
27,  page  86,  we  obtain  the  expression — 

1  Vol.  X  P 


for  the  work  done  on   a  team  of  nnifuim  strcngtli,  lioth  from  the 
"  aceepted  theory  "  and  from  the  '*  principle  of  work." 

2. — Keferring  new  to  tbc  second  point,  Mr.  Speuce  had  already 
dealt  very  fully  with  the  question.  The  accompanying  diagram,  Fig.  4, 
was  kindly  lent  by  Mr.  Wicksteed  some  time  ago  for  another  purpose- 
It  illuBlratea  the  behaviour  of  mild  steel  under  direct  tension.  It 
will   be  seen   that  the  limit   of  elasticity   is  reached    in  a   10   inch 
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specimen  at  B,  when  the  extension  has  reached  only  '03  inch  or  '003 
of  the  whole  length.  The  tension  is  then  about^  17  tons  on  the  square 
inch.  The  steel  then  suddenly  stretches  till  the  whole  extension  reaches 
*085  of  tlie  length  without  any  sensible  increase  of  tension.    In  fact 


Fi«.  4. 


5- 


T) 


JExtcnsicTV  in.  Iru^s 

the  automatic  diiigram  indicates  a  diminution  of  tension  at  first,  and 
the  dip  in  the  curve  between  B  and  D  indicates  an  unstable  condition, 
which  must  be  passed  over  with  a  leap,  by  a  specimen  subjected  to  uniform 
tension  throughout ;  but  in  the  case  of  a  bent  bar,  when  the  extreme 
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fibre  reaches  this  state,  the  lateral  cohesion  of  the  fibre  will  come  into 
play  and  give  stability,  since  all  are  not  equally  stretched.  Now,  suppose 
that  the  extreme  fibre  is  stretched  by  ■iiOil  of  its  original  length,  and  that 
the  ncntnil  axis  remains  uadlsturbed,  then  three-quarters  of  the  portion  of 
the  bar  subject  to  tension  wOl  sustain  a  tension  nearly  the  same  for  all  and 
equal  to  the  clastic  limitj  but  as  the  tension  of  no  portion  of  the  bar  has 
exceeded  that  limit,  aod  there  is  still  a  considerable  portion  which  has  not 
reached  the  limit,  it  may  be  that  the  bar  will  show  no  appreciable 
permanent  set  when  the  stress  is  relieved.  If  wo  snppo^  that  the  elastic 
limit  for  compreEsion  is  the  same  as  for  extension,  and  that  the  bchavionr 
of  the  material  when  that  limit  is  reached,  is  similar  in  the  two  cases,  the 
nenftyl  axis  will  remain  nnehanged,  and  the  stress  diagram  for  the 
extreme  section  of  the  beam  will  be  that  shown  in  Fig.  5, 
If  the  neutral  axis  remained  unchanged,  and  the  whole 
of  the  lower  half  of  the  beam  were  subject  to  the  sanie 
uniform  compression,  and  the  upper  half  to  the  same 
uniform  tension — an  extreme  condition  to  which  we  can, 
of  course,  only  approximate — the  load  carried  would  be 
ng.  5.  one  and  s  half  times  that  which  caused  the  top  fibre 

just  to  reach  its  elastic  limit.  If  the  hmit  of  elasticity 
for  compression  were  higher  than  for  tension,  as  soon  as  the  tension 
of  the  top  fibre  reached  the  elastic  limit  tlie  neutral  axis  would 
move  downwards,  thus  further  strengthening  the  bar,  so  that  the  load 
might  be  increased  70  jier  cent.,  by  loading  only  a  very  few  of  the  fibres 
near  tlie  top  up  to  their  elastic  limit.  A  very  rough  calculation  shows 
that  a  shifting  of  the  neutral  line  one-tenth  of  the  height  of  the  beam 
from  the  ceutnil  liiio  will  leave  -J  17  of  the  volume  stretdicd  to  its  elastic 
limit,  and  iucrcasc  the  loail  carried  by  80  per  cent.  The  stress  diii^ram 
for  the  extreme  sections  will  then  be  that  shown  iu  Fij;.  (J.  With  beams 
of  circular  section  the  portions  near  the  ncutml 
iuo  arc  of  much  greater  relative  importance 
than  with  beams  of  square  section  with  their 
aides  vertical.  The  extreme  top  and  bottom 
fibres  in  the  circular  bare  contribute  compara- 
tively little  to  the  strength  of  the  bar,  and 
hence  when  the  bar  is  on  the  point  of  taking  a  ^"-  '^ 

permanent  set  the  jilaue  which  bounds  the  portion  in  which  the  stress 
is  equal  to  the  elastic  limit  from  the  other  portion  of  the  bar  is 
nearer  the  neutral  axis,  and  the  tension  of  the  extreme  fibre  calculated 
on  the  assumption  that  Hooko's  law  holds  for  it,  i.«„  on  the  "  accepted 
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theory,"  becomes  much  greater  than  ia  the  case  of  the  sqaare   ber. 

In  flanged  girders  exactly  the  opposite  couditiong  obtain;  the  parts 

most  distant  from  the  ncntml  axis  are  those  npon  which  the  load  mainly 

depends,  and  the  stress  in  these  portions  becomes  nearly  uniform  and 

equal  to  the  elastic  limit  in  the  '*  accepted  theory ,"  so  that  the  power  of 

eiieuaion  without  further  inert-use  of  tension  does  not  lause  the  eiperi- 

meutat  results  to  differ  sensihly  tram  those  of  the  "accepted  theory  "  in 

^  ^     tliecaseof  girders  with  nan-ow  flaui^L-s.    The  stress 

W  diagram  furu  flanged  girder  in  whidi  the  ehistic  limit 

S  has  nowhere  been  exceeded  is  shown  in  Vi^.  7,  and 

i  it  will   be   seen  that  the  stress  in  each  flui^  is 

J  nearly  uniform.     Similar  retnarks  apply  to  all  hollow 

e:^'';--^  benms  or  girders. 

"*■ '  3. — Passing  now  to  the  question  of  the  toreion 

uf  shafts,  precisely  the  same  principles  apply.  The  modulus  of  the  section 
for  toraion  in  the  case  of  circulur  sections  is  simply  double  that  for  trans- 
verse bending.  When  a  solid  shaft  is  twisted  so  iks  to  approach  the  point 
of  fracture  a  very  large  portion  of  its  volume,  and  not  simply  the  outside 
skin,  will  be  sht^red  up  to  its  clnatic  limit,  and  the  work  done  will  be 
very  much  greater  limn  when  the  shearing  reaches  the  elastic  limit  for  the 
skin  alone,  which  is  the  condition  supposed  in  the  "  accepted  theory." 
According  to  the  "  accepted  theory,"  if  we  dittdc  the  shiift  into  thin 
tubes,  while  the  volume  of  each  is  proportional  to  its  radius,  the  amount 
of  shear  in  it  will  also  be  proiwrtional  to  the  radiua.  Ilcuce  the  work 
done  per  unit  volume  of  any  tube  will  l>e  proiwrtional  to  the  square  of 
the  tube's  radius,  and  the  whole  work  on  the  tube  will  be  proportional  to 
the  cube  of  the  radius.  Adding  the  amounts  for  each  tube  we  obtain 
for  the  work  absorbed  by  the  simft  from  thu  "  principle  of  work  " — 
Vol.  X  Z," 
iG 
where  f,  represents  the  safe  stress  for  shearing,  wiiich  agrees  with  equa- 
tion 9,  page  102,  and  e<|uatiou  HI,  page  103,  for  the  work  done  on  a 
helical  spring  and  solid  shaft  resiKctLvcly,  and  which  Iiave  been  deduced 
from  the  "  accepted  theory  "  by  the  author  of  the  |w|M3r,  bo  that  here 
again  the  "  principle  of  work,"  when  pro]«rly  ajiiiliud,  and  the  "  accepted 
theory"  are  in  strict  acoord.  The  work  done  if  the  whole  ahafl  were 
exposed  to  simple  shear  to  the  elastic  limit  would  bo — 
Vol.x  /,' 

or  twice  the  above  amount.     In  the  aisu  of  hollow  Rhal'iii  the  same  prin- 
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oiplea  obtain  ns  in  that  of  flaDged  girders.  When  the  iDterna]  diametor 
is  not  small  compared  with  the  external  diameter  a  Tery  large  portion  of 
the  Tolnme  will  be  Bubject  to  a  uniform  shearing  Btreaa  equal  to  the 
elaBtic  limit  Ijeforc  the  shaft  npproached  its  point  of  fracture.  When  the 
internal  diameter  is  nearly  eqnid  to  the  external  diameter  the  stress 
becomes  nearly  nniform  throughout  upon  the  "  accepted  theory,"  so  that 
in  this  case,  as  in  that  of  fl;in<fed  girders  with  very  narrow  flanges,  the 
"accepted  theory"  agreea  with  experimental  results.  When  a  helical 
apring  is  under  atresa,  the  load  line  coinciding  with  the  axis,  the  problem 
is  precisely  the  siirae  as  that  of  the  bur  of  which  the  spring  is  made 
Ijeing  aul)ject  to  torsion,  and  the  same  principles  apply  as  in  the  case  of 
the  shaft.  In  all  cases  whether  of  bending  or  twisting,  if  the  load  is 
increased  until  a  permuncut  set  is  produced  the  restdts  cannot  he  com- 
pared with  tlioso  predicted  by  the  "  accepted  theory,"  for  the  reasons 
given  above.  To  obtain  experimental  results  consistent  with  the  "accepted 
theory,"  the  loading  must  cease  as  soon  as  the  slightest  divergence 
from  Hooko's  law  can  be  detected.  To  test  the  views  above  espresaed 
it  is  very  desirable  that  carefnl  experiments  should  he  made  on  specimens 
in  the  condition  indicated  by  the  portion  of  the  curve  in  Fig.  4,  between 
the  points  B  and  D.  As  a  portion  of  this  curve  corresponds  to  an  un- 
stable condition  of  the  material,  the  experiments  cannot  be  made  on 
Bpecimena  subject  to  pure  tension,  but  careful  experiments  on  the  bending 
of  bars  might  throw  some  light  on  the  question  whether  a  specimen 
would  Uke  a  permanent  set  if  extended  to  the  etnte  represented  hy  some 
point  in  the  curve  between  B  and  D,  and  to  this  end  it  is  eraiuently 
desirable  that  there  should  be  a  firBt-class  testing  machine  in  the  hands 
of  some  public  educational  institution  in  the  district. 

Mr.  Edward  Rktsoldb,  of  Messrs.  Viclters,  Sons,  &  Co.,  Limited, 
said,  he  should  not  have  ventured  to  take  np  any  time  that  evening  were 
it  not  for  the  fact  that  he  was  the  first  to  take  up  his  parable  against 
hollow  shafts.  Ha^'ing  on  former  occasions  spoken  on  the  subject,  be 
did  not  wish  to  repeat  himself,  hut  would  rather,  on  the  present  occasion, 
qnahly  to  some  small  extent  what  he  had  said,  from  considerations 
arising  out  of  the  present  jiapcr  and  discussion.  He  had  unforlmiately 
not  been  able  to  find  time  to  read  the  paper  Hord  for  word,  nor  could  he 
claim  credit  for  having  devoted  any  of  the  small  hours  to  it,  as  the 
Professor  had  done.  On  the  general  principle  he  might  say  that  he 
thoroughly  agreed  with  the  author ;  at  the  same  time,  he  should  be 
surprised  if  the  author  dissented  from  what  Professor  (!arnett  had  said  ; 
bat  these  ihinga  had  to  Ije  considered  from  two  points  of  view — one,  the 
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qaeslion  of  static  strtnglh,  in  which  mnlbemaLical  calcalntinns  were 
irrefutable ;  and  the  other,  which,  from  hia  point  of  view,  was  more 
importaut — the  dynamical  qucBtion  of  how  much  work  conld  be  got  out  of 
muteria)  in  different  forms.  In  an  article  in  the  Engineer  newspaper, 
upon  the  discnsaion  on  Professor  Greenhill's  paper  (which  had  been  referred 
to)  it  waa  remarked  that  Mr.  Ueynolda  appeared  to  think  that  there  was  a 
hard  and  fiiat  line  between  Bcicnce  and  practice,  to  which  he  rejoined, 
that  lie  was  certain  that  there  was  a  hard  and  fast  line  between  the  two, 
because  our  knowledge  of  tlie  strength  and  endurance  of  material  was 
and  must  be  wholly  ex [>eri mental.  It  was  a  singular  coincidence  that  his 
attention  was  first  drawn  to  the  subject,  as  the  author's  appears  to  have 
been,  by  eipertmcnta  upon  springs.  Forty  years  ago,  when  he  held  the 
appointment  of  chief  draughtsman  in  the  locomotive  department  of  an 
important  railway,  he  tried,  in  view  of  the  bad  roads  of  that  time,  to 
reduce  the  strength  of  engine  springs  as  far  as  prudence  would  allow,  in 
order  to  get  easier  travelling ;  and  the  results  of  his  experiments  was,  that 
when  his  old  friend  Mr.  W,  B.  Adams  (who's  apprentice  he  had  formerly 
been)  showed  him  the  system  of  ribbed  spring  steel  which  ho  had  patented 
(he  forgot  the  exact  date,  but  it  was  about  the  time  of  Mr.  Spencer's 
introduction  of  the  volute  spring),  he  laid  down  the  law,  that  within  such 
limits  as  were  in  question,  the  life  of  a  spring  was  practically  in  propor- 
tion to  its  weight.  Our  knowledge  was  wholly  at  fault  as  to  where 
the  factor  of  safety  begun  which  put  us  outside  of  this  consideration. 
No  donbt  this  factor  ought  to  have  reference  to  the  elastic  limit,  and 
it  waa  in  this  direction  that  it  might  be  possible  to  increase  our 
knowledge,  for  he  thought  it  was  not  very  cleiir  where  the  elastic  limit 
was.  So  far  as  he  knew,  Whitworth,  the  most  recent  introducer  of  hollow 
shafting,  was  one  of  the  first  (if  not  the  first)  to  ask  people  to  accept  a 
break  in  the  rise  of  a  pressure  gauge  as  indieating  the  elastic  limit. 
Since  that  time  the  Woolwich  authorities,  working  with  the  Thomasset 
gauge,  had  estimated  their  elastic  limit  in  a  similar  way ;  this  break  in 
the  regularity  of  extension  being  clearly  shown  in  the  diagrams  produced 
by  the  Wicksteed  Recorder  (for  which  the  engineering  world  were  greatly 
indebted  to  Jlr.  Wicksteed,  even  though  it  was  jwssible  that  his  particular 
method  of  recoi-ding  might  be  superseded  by  more  simple  arrangements). 
But  thoogh  there  can  be  no  doubt  that  at  this  point  there  was  generally 
a  great  disruption  of  the  particles  of  a  not  very  easily  intelligible 
character,  he  (the  speaker)  had  considerable  doubt  as  to  whether  the  tme 
elastic  limit  had  not  been  long  past  when  this  disruption  took  place.  It 
was  certain  that  the  elastic  limit  so  found  was  higher  than  the  first  perman- 
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ent  set  that  cocild  be  found,  by  relioving  the  apMimen  of  load  nnd  mmsnr- 
ing  by  gaoge  points,  but  how  much  higher  was  nncertain.  In  the  days  of 
iron  it  was  usual  to  test  all  the  links  of  snspenaion  bridges,  these  being 
generally  of  considerable  length,  say — in  large  bridges  such  as  Chelsea 
bridge— 20  feet,  to  aljout  10  tons  per  sjtiare  inch  ;  and  he  remembered 
being  told — lie  thought  it  waa  by  his  friend  Mr.  E.  A.  Cowper,  who  was 
aBSociated  with  Messrs.  Fox  &  Ilenderson  at  the  time  when  they  made 
the  ironwork  for  a  large  bridge  in  Bussia — that  careful  observation  on 
these  long  bars  showed  a  permanent  set  as  low  as  3  tons  per  square  inch ; 
and  he  would  suggest,  as  a  most  important  matter  for  investigation,  if 
Professor  Garuett  got  the  testing  machine  that  had  lieen  referred  to,  that 
they  should  endeavour  to  ascertain  whether  this  idea  was  well  foanded,  or 
whether  the  ordinary  idea  of  safe  amount  of  ejrtension  or  deflection  waa 
correct.  It  was  possible  that  this  idea  of  a  very  low  point  of  permanent 
set  might  require  some  modification.  At  the  earae  time  that  it  did  not 
lose  its  importance,  that  is  to  say,  there  might  Ik  a  set  which  waa  not 
permanent.  Tlie  writer's  feeling  was  that  it  had  been  too  much  assumed 
that  such  substances  as  iron  and  steel  were  within  the  working  limits 
perfectly  clastic,  but  it  was  possible,  if  not  probable,  that  the  degree  of 
imperfection  of  elasticity  might  be  of  more  consequence  than  hat!  been 
supposed.  In  the  case  of  substances  known  to  be  imperfectly  clastic,  an 
archery  bow,  for  example,  it  was  notoriona  that  the  degree  of  flesnre  from 
which  it  would  promptly  recover  if  immediately  released  became  more  or 
lees  permanent  if  the  fiexare  was  long  continued ;  moreover,  that  some 
recovery  from  the  apparently  i)crmanently  bent  conditioD  would  tjike  place 
in  the  course  of  time.  The  suggestion,  therefore,  was  that  the  low  set 
referred  to  in  the  bridge  links  might  be  only  a  temporary  and  not  a  per- 
manent set,  but  it  might  nevertheless  be  an  indication  of  a  limit  of  strain 
which,  it  sufficiently  often  repeated,  might  induce  disintegration  of  the 
material ;  as  the  fact  that  friction  between  the  particles  was  obviously  indi- 
cated by  a  temporary  set,  showed  that  there  must  be  some  actual  disloca- 
tion of  the  particles,  as  distinguished  from  the  mere  modification  of  their 
form,  which  wc  could  imagine  to  be  the  condition  in  a  perfectly  elastic 
body.  The  siwaker  considered  this  to  Ije  the  process  of  failure  from  fatigue 
in  machinery,  which  had  been  supposed  from  estimatea  formed  npon 
knowu  data,  to  be  amply  strong  enough.  At  the  same  time  the  practical 
permanency  of  a  great  deal  of  machinerj',  under  severe  sliock  and  strain 
tending  to  produce  distortion,  went  to  show  that  there  was  some  limit 
within  which  practical  permanency  could  be  caloulatcd  upon.  His 
protest   against    hollow    shafting    was    founded   more   npon   dynamic 


DISCUSSION — THE  rUISCII'I.E  OF  WORK,   ETC.  129 

consideratkina  and  the  result  of  preity  wide  esperieuce  than  upon  anj 
calcabtion.  No  ons  conld  for  a  moment  doubt  the  iucreased  etatio 
strength  of  tlie  hollow  form,  and  he  did  not  eiippose  that  any  of  them 
would  for  a  moment  cavil  at  the  use  of  hollow  shafts,  as  Bteel-makcrs 
have  to  make  them,  to  obtain  sufficient  rigidity  within  moderate  weights 
to  enable  the  sliijwwner  to  avoid  numerous  external  brackets  in  twin 
Ecrewships,  in  lengths  sometimes  exceeding  70  feet ;  but  in  the  case  of  the 
internal  machinery  geucraliy  of  a  ship  be  should  have  considered  that 
the  object  should  be  to  give  the  greatfst  possible  capability  for  elastic 
flexure  lor  a  certain  factor  of  Btatic  strength,  instead  of  reducing  it  by 
giving  artilici id  rigidity,  not  only  for  the  reasons  formerly  pointed  out, 
viz.,  that  any  stniotnre  so  perfectly  proportioned  that  all  partfi  were  under 
eqnal  proportional  strain  must  fail  suddenly,  wliei-cias  expetience  had 
shown  that  in  leas  mathematically  propoiiioued  strnctures  the  failure  was 
gcncnilly  gradual,  but  becansc,  under  the  condition  in  which  the  most 
important  machinery  is  used  in  steamships  and  on  railways,  the  conditions 
of  service  generally  involved  serious  strains,  causing  an  uncertain  amount 
of  deflection  apart  fi'om  the  steam  strains,  which  could  be  easily  calculated. 

Mr,  Crawford  said,  he  thought  they  were  very  much  indebted  to 
Mr.  Foster  for  his  many  valuable  experiments,  although  it  had  occurred 
to  him  that  it  was  a  pity  that  clear  matbetnatical  reasoning,  applied  on 
the  assumption  that  an  ideal  perfect  material  was  being  dealt  with,  should 
have  been  so  vigorously  attacked  because  it  did  not,  in  one  equation, 
fully  account  for  the  behaviour  of  matter  under  stress  while  passing  from  a 
state  of  rest  through  various  fatigues  until  the  moment  when  its  destruc- 
tion was  imminent.  Engineers,  as  distinguished  from  physicists,  do  not 
attach  as  much  importance  to  the  breaking  stress  of  the  material  they 
are  dealing  with  as  its  safe  working  load  ;  and,  therefore,  he  looked  npon 
Mr.  Foster's  paper  as  a  record  of  experiments  ably  carried  out,  but  as  not 
likely  to  affeet  the  truth  of  the  "accepted  theories"  he  had  attacked. 

Mr.  J.  W.  Spbncer  said,  he  had  come  there  that  evening  as  a  learner, 
and  he  was  only  sorry  that  there  had  not  been  a  little  more  discussion 
upon  the  subject  in  the  mathematical  line.  As  far  as  the  poiuia  had 
been  developed,  he  thought  Mr.  Spcnce  had  advocated  that  the  "  accepted 
theory"  would  be  identical  with  that  of  Mr.  Foster,  providing  that  the 
modnlna  of  elasticity  were  assumed  to  vary  with  every  variation  in  tho 
cross  section  of  the  beam.  He,  however,  failed  to  see  how  a  factor  which 
represented  a  property  of  the  material  (equally  as  much  as  its  specific 
gravity  or  strength  per  square  inch)  could  he  assumed  to  vary  with  every 
variation  in  the  shape  of  the  bar  or  beam,  and  could  therefore  only  be 
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dctorminsd  for  any  particulur  form  by  nn  elabomte  series  of  cjtpcrimenta. 

In  llic  theory  ad^^ocatcd  by  Mr.  Foster,  the  modulus  of  direct  elasticity 
waa  constant  for  airailnr  mntcrials  within  the  einetic  limit,  and  the  trans- 
verse work-coefficieufa  per  unit  of  voliime  for  nil  Bymiiietrical  cross 
sections  under  similar  conditions  of  load,  etc.,  were  the  snrae,  and  if  that 
theory  would  enable  engineers  to  calcolate  their  varying  structures  with 
that  approach  to  the  truth,  which  was  iilustrat^d  by  the  numerous  tables 
of  experiments,  he  thought  Mr.  Foster  had  arrived  at  a  point  of  great 
utility.  It  was  only  since  they  had  had  the  material — steel — that  anyone 
could  have  lieen  able  to  arrive  at  such  uniform  results  as  tJiosc  which  had 
been  put  Iwfore  them  that  e\cniiig,  for  it  was  only  with  perfect  materials 
that  they  were  enabled  to  elalwrate  perfect  results  to  Ijase  their  theories 
upon.  A  man  may  scheme  bis  bridge  or  other  structnre  on  the  basis  of 
a  theory,  and  devote  an  immense  amount  of  labour  to  his  calcuLilious, 
but,  if  the  behanour  of  the  material  which  gave  bim  [lis  theory  was  not 
uniform,  his  theory  would  be  at  fault.  He  did  not  know  that  had  he 
intended  to  enter  into  the  discussion  he  should  have  said  anything 
eicepting  on  the  strength  of  hollow  sbaftiuK  ;  and  he  must  say  that  he 
entirely  concurred  with  everything  Mr.  Reynolds  had  said.  lie  might 
say  that  be  was  one  of  Mr.  Reynolds'  converts,  for  ever  since  he  heard 
him  speak  on  this  auhject  several  years  ago,  he  (Mr.  f>pencer)  had  given 
a  good  deal  of  thought  to  it,  and  he  had  always  been  convinced  of  the 
soundness  of  Mr.  Reynolds'  oontenlion  at  that  time.  His  position  in  the 
present  case  was  simply  this — they  wanted  to  have  perfect  formnlse  for 
the  calculation  of  springs;  the  accepted  theoretical  formnlte  bciii};  such 
that  they  could  not  depend  upon  the  calculated  results,  ho  thorelbre  got 
Mr.  Foster  to  go  into  the  question  with  a  view  to  obtain  formnlse 
accurately  expressing  the  strength  and  defiection  of  springs,  and  out  of 
those  experiments  had  devolved  the  "principle  of  work"  theory.  It  was 
with  very  great  pleasure  that  he  afforded  Mr.  Foster  the  means  to  illus- 
trate his  paper,  and  he  thought  that  a  great  deal  of  credit  was  due  to 
Mr.  Foster  for  the  way  in  which  the  experiments  had  been  carried  out, 
even  if  the  "principle  of  work"  theory  was  not  altogether  correct. 

Mr.  H.  FoiVNEfi  said,  few  of  tbem^ — while  having  ample  means  and  the 
necessary  material  at  their  disposal  for  making  any  number  of  test  pieces 
— however  willing  they  might  be  to  caiTy  out  experiments,  had  the 
opportunity  and  convenience  for  using  a  testing  machine.  He  attended 
a  meeting  there  a  few  weeks  ago  to  see  the  plans  for  the  New  College  of 
Physical  Science  when  the  question  of  the  testing  machine  attached  to 
the  College  was  mooted  and  discuBscd.      He  was  sure  that  if  such  a 
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testing  machine  was  pub  donn  in  that  Oitj,  many  of  them  would  fully 
avail  themaelvea  of  it,  and  a  great  many  int«reBling  facts  and  experiments 
would  be  deduced  from  it.  Hq  believed  himself  tJiat  the  fiiciUty  witli 
which  they  could  use  it  would  really  moke  it  if  uot  a  commercial  snccess, 
at  auy  rate  a  sclf-suppottiug  institutiun. 

Mr.  Foster's  reply  waa  held  over  until  the  next  meeting. 


The  following  communication  from  Professor  Thomas  Algxakdbb, 

of  Glasgow,  hag  been  received  : — 

"  The  TcsUUnce  or  work  sUired  up  in  a  rectangular  prismatic  bar,  such  as 
that  shown  on  Fig.  2,  Pkte  18,  is  truly  given  by  the  expression  (2)  page  83 
of  Mr.  Foster's  paper.  The  expression  shows,  that  lo  graphically  represent 
the  resiiienix  of  a  piece,  whose  fibres  are  under  simple  longitudinal  strain, 
a  locm  must  be  drawn  with  ordinatcs  proportional  to  the  sqmre  of  the 
stress  on  each  fibre.  We  must  theu  suppose  0  E  to  represent/*  and 
noiy,  in  order  that  the  parallelogram  D  E  miiy  gniphieally  represent  the 
work  stored  up  in  the  prism  under  longitudinal  proof  strain.  To 
repieseut  graphically  the  work  stored  up  in  the  cantilever  Fig.  2,  Plate 
18,  having  the  proof  load  at  its  end,  Mr.  Foster's  pair  of  shaded  areas 
0  0  E  and  0  D  F  must  be  altered  in  three  respects : — Firat,  tiio  height 
C  E  must  represent  f  and  not  /;  second  the  loci  0  E  and  0  F,  instead 
of  straight  lines,  must  be  parabola  having  D  C  the  tangent  at  their 
common  ajies  0  ;  and  here  note  that  the  area  of  the  pair  of  shaded 
parabolic  figures  0  C  B  and  0  D  F  will  be  otie-lhird  of  the  area  of  the 
parallelogram  D  E  ;  and  in  the  third  place,  since  the  stress  vnnes  from 
section  to  section  of  the  cantilever,  a  pair  of  parabolic  figures  must  be 
drawn  in  the  same  manner  on  each  cross  section  having  heights  leB<)  than 
C  E,  each  height  proimrtional  to  the  square  of  the  distance  of  the  cross 
section  from  the  weight.  Then,  of  all  these  iJairs  of  parabolic  figures, 
that  pair  which  ha.t  average  area  graphically  represents  the  whole  work 
stored  up  in  the  cnutilcvcr.  By  the  algebra  of  the  average  of  squares, 
that  average  area  is  one-l/iird  of  tlic  area  of  the  pair  of  parabolic  figures 
0  C  E,  0  D  F.  Therefore  the  rmlience  or  whole  work  stored  up  in  the 
cantilever.  Fig,  2,  Plato  18,  under  pi-oof  stress  is  one-nttith,  and  not  one- 
half  of  that  stored  up  in  the  same  prism  under  longitudinal  tensile  proof 
strcsa.    The  expression  (8)  page  83  is  wrong ;  it  ought  to  be — 

W.,k  =  1  ™°"^'<''  W 

and   this  expression,   when   thus  corrected   is  exactly  the  same  as  the 
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expression  (8)  page  85,  which  Mr.  Foster  QndE  for  tlie  work  done  by  the 
weight  W  in  bringing  the  aiatilever  into  the  proof  state  of  etrain,  Btriotlj 
fulfilling  the  general  law  of  the  conservation  of  energy,  namely  that  the 
work  done  by  the  weight  in  producing  the  strain  is  equal  to  the  work 
done  t^ainat  the  strength  of  the  fibres  when  the  strain  is  being  produced. 
In  general  it  ia  easier  to  calculate  the  resilience  the  first  of  tliese  two 
ways  as  Mr.  Foster  does  in  finding  (8),  page  85  ;  and  the  results  found 
in  this  way  are  already  tabulated  by  Professor  Rankine  in  hia  Applied 
Mechanics,  Bcclion  3U5>  for  most  cases  of  transverse  stress.  There  is  no 
great  difticidty  in  calculating  results  for  any  case  by  the  second  way,  as 
Mr.  Foster  attempts  at  (3)  page  83,  and  as  I  ha\'e  correctly  done  in  this 
letter,  which  results  will  be  alicaya  found  to  agree  with  the  others.  If  in 
any  one  case  tiie  resnlts  fouud  these  two  ways  did  not  agree,  then  Mr, 
Foster  would  be  quite  right  in  condemning  Raiddne's  theory  of  transverse 
stress  on  the  grounds  that  it  violated  the  general  law  of  the  conservation  of 
oncrgj'.  In  bis  paper  Mr.  Foster  finds  two  exjireasions  for  the  work  stored 
in  a  nniforra  rectangular  cantilever  loaded  with  the  proof  weight  at  its  free 
end,  namely,  the  expression  (3),  page  83,  by  considering  the  work  done 
against  the  eJitatio  resistance  of  the  fibres,  in  which  y  stands  for  the 
tensile  proof  strength  of  the  material ;  aud  the  expression  (8),  page  85, 
by  considering  the  work  done  by  the  weight.  Becaiiae  these  two  rcanlta 
are  different,  he  condemns  what  he  adla  ■  accepted  theory,'  as  they  ought 
to  have  !«en  equal  horn  the  conservation  of  energy.  He  then  introduces 
what  he  calls  hia  '  principle  of  work,'  and  compels  (8)  to  be  equal  to  (3), 
by  changing/  in  (8)  into /[,  which  he  then  calls  the  transverse  strength  of 
the  material.  Before  equating  (8)  to  (2),  however,  of  which  I  shall  write 
afterwards,  ho  changes  the  numerical  coefficient  of  (8)  and  it  becomes 
(17),  page  8fi.     Equating  (17)  to  (3)  he  obtains— 

y.=/v3r 

upon  which  the  whole  of  his  paper  is  founded.  As  I  have  conclusively 
shown  that  (3)  when  correctly  calculated  is  exactly  equal  to  (8), 
all  Foster's  '  principle  of  work '  disappears,  and  the  whole  paper,  except 
the  results  of  hia  esperimcnlB  yei-  se,  is  founded  upon  his  own  error. 
Before  stopping  I  shall  just  show,  quite  apart  from  what  I  have  already 
said,  that  the  transition  effected  by  Mr.  Foster  in  changing  (8)  into 
(17)  is  effected  by  an  assumption  not  at  all  reasonable,  aa  he  says  it  is,  on 
page  86,  line  II.  First,  then,  I  wouid  point  out  that  the  equations  (10), 
(11),  (12),  (13),  and  (]-l)are  wrong.  They  refer  to  a  cantilever  of  uniform 
strength  and  width,  loaded  at  one  end,  and  to  correct  them  the  numerical 
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coefficient  of  the  last  term  of  (10)  ranst  be  chauged  to  8  ins 
and  the  conseqiieuce  is  that  (14)  ought  to  have  been — 


Work  = 


Vol.  X  /'  (B) 

E 


Had  Mr,  Foster  been  refen-iog  to  a  cantilever  of  unifonn  atrength 
and  depth  then  his  eqnations  (10),  (11),  (12),  and  (13)  would  have  been 
correii  ;  but  in  passing  from  (13)  to  (14)  he  would  then  have  required 
to  use  Vol.  =  yihh,  and  (14)  would  have  been — 

Now  (B)  and  (C)  are  equal,  so  that  iu  passing  frnm  (8)  to  07)  it 
would  be  equally  reasonable  to  say  that  only  half  of  the  material  was  used 
to  advantage  from  (0)  as  to  say  that  two-thirda  of  the  material  was  need 
to  advantage  from  (B),  In  one  case  tlien  (8)  would  be  multiplied  by  J 
to  obtain  (17) ;  but  in  the  other  by  f  to  obtain  (17).  The  fact  that 
we  can  get  two  fqtiaUy  reaaonabls  values  of  (17)  derived  from  (8)  showa 
that  the  alteration  is  entirely  unreasonable.  In  conclUBion,  I  may  point 
out  the  curious  use  of  the  *  ad  verecundiam'  made  by  Mr.  Foster.  He 
makes  the  following  quotation  from  Baker,  at  the  top  of  page  82,  '  That 
the  maximum  deflection  within  the  elastic  limit  is  greater  than  theory 
wonld  indicate,'  as  the  onli/  circumstance  in  which  certain  esperinients 
were  in  tton-accordance  with  theory  ;  and  then  here  is  the  use  lie  makes  of 
hia  quotation,  pa^e  84,  line  22,  '  As  pointed  ont  by  Mr.  Baker,  the  actual 
deflection  of  a  beam  is  in  accobdance  with  that  indicated  by  'accepted 
theory.' " 


The  following  communication  has  btcu  received  from  Mr.  William 
SiBSOH,  of  Fahnouth  : — 

"  Mr.  Foster's  paper  is  a  very  able  and  interesting  development  of 
a  method  of  treating  the  problems  of  the  strength  of  materials  snb- 
jected  to  varioua  stresses,  by  means  of  u  coefiicient  nsmdiy  called  the 
resilitnee  of  the  bar  or  beam,  but  which  is  more  suitably  termed  by 
the  author  a  'work-coefficient.'  The  method  appears  to  be  quite  a 
Btep  in  atlvance  in  relation  to  the  well-known  discrepancies  between 
the  moduli  of  rupture  and  the  tensile  or  compressive  strength  of 
cast  or  wrought  iron  or  steel  beams.  A  very  marked  example  of 
this  diacrBpancy  Is  manifested  in  the  case  of  crane  or  couphng  hooks. 
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Taking  the  example  of  the  latter  from  Mr.  TJrquhart'a  practice 
(illustrated  in  Eiigintmng  of  loth  Deccmher  last),  and  calculating 
according  to  the  ordinary  methods  the  maximum  tension  on  the  inner 
side  of  the  honk,  it  will  \k  found  that  it  amounts  to  about  'Ah  tooSj  being 
made  up  of  alwut  7  tons  direct  and  28  toiia  dae  to  trauavcrBe  stresa,  while  it 
is  not  prolnhle  that  the  actnal  tensile  strenf^th  is  more  tlian  about  ib  tons. 

Taking  the  author's  notation,  we  thus  obtain  /,  -=-./=  i7x-_^-  =  I'SS- 

There  can  be  no  reaaonnble  doubt,  however,  that  there  is  no  real  increase 
of  the  tensile  strength,  bnt  that,  either  from  an  alteration  in  the  position 
of  the  neutral  axis,  or  by  reinforcement  nf  the  onter  and  more  severely 
Btrflined  portions  by  their  lateral  ndhesion  to  the  inner  layers,  or,  most 
probably,  by  a  comhinatiou  of  these  actions,  the  molecular  resistance  both 
acts  with  a  greater  total  leverage,  and  the  stress  is  more  uniformly 
distributed  than  the  usually  'accepted  theory'  indicates.  It  is  clear 
that,  if  any  change  takes  place  in  the  position  of  the  neutral  axis, 
such  change  will  be  fjreater  in  amount,  and  result  in  more  marked 
increase  of  the  modulus  of  rupture  in  the  csiae  of  beams,  of  materials 
such  as  cast  iron,  whose  ultimate  tensile  and  compressive  strengths 
differ  widely.  Now,  this  is  the  case  with  solid  cast  uvn  beanis,  whose 
modulus  of  rupture  is  often,  indeed  usually,  more  than  double  the  tensile 
strength,  and  especially  in  the  case  of  small  test  bars,  where  tlie  effect 
of  the  skin  is  relatively  greater.  Again,  in  regard  to  the  effect  of  laterwl 
adhesion  of  the  material,  it  would  be  espected  that,  where  this  is  incon- 
siderable  (and  at  the  same  i.ime  where  there  is  no  great  difference  in  the 
tensile  and  compressive  strengths  to  cause  dmuge  in  the  position  of 
the  neutral  axis),  the  modulus  of  rupture  would  not  differ  much  from 
either  the  tensile  or  compressive  strengths.  This  is  precisely  tlie  case 
with  timber  where  the  lateml  adhesion  or  resistance  to  detmsiou  is 
perhaps  jV^h  the  tensile  strength,  and,  accordingly,  the  moduli  of 
rupture  will  be  found  to  be  in  most  cases  even  /ess  than  the  tensile 
strength,  and  on  the  whole  may  lie  I'eckoned  a  mean  between  the  tensile 
and  compressive  strength.  The  great  uniformity  in  the  amounts  of 
stresses,  obtained  by  calculation  on  the  author's  general  '  principle  of 
work,'  clearly  indicate,  I  think,  that  this  is  the  true  liasis  of  calculation, 
but  a  further  investigation  would  probably  bring  out  a  consistent  method 
of  calculating  the  moduh  of  sections  ofbeums  and  shafts  so  as  to  avoid  the 
necessity  of  assuming  the  direct,  transverse,  and  torsional  stresses,  all 
different,  and  in  this  connection  it  may  be  noted  that  St.  Tenant's 
investigations  lead   him   to  state  the   modulus  of  square  shafting  aa 
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■281  X  S*  nearly,  which  gives  a  more  iiniform  result  still  to  the  n 
Btressra  in  the  case  of  round  and  square  shafting,  the  average  inaximum 
streBspvenforthelatteron  page  111  becoi!iingaboat33'4  instead  of  35-384. 
If,  ayuin,  the  value  of  I,  (on  page  KiO)  be  )iol  affectwi  by  Profcseor 
BaiiBchiuger's  ratio  (wbtcb,  by  the  way,  is  apparently  invertt-d,  on  page 
108),  and  as  it  seems  arbitral^  to  do  su,  for  Ip  is  a  determinate 
ui athcmatit'al  quantity  aud  not  a  physical  one;  but  if  on  the  contrary 
(i5)  be  stilted  in  accordance  with  the  author's  principle  thus — 

there  will  result  finally  iu  (28) — 

Z,    =  — ~  S"  =  -289  ) 

which  will  make  the  maximum,  though  not  the  elastic,  stresEcs  still  more 
nearly  alike  for  square  and  round  bars  I  was  not  aware  that  it  was 
generally  accepted  that  the  polar  moment  of  inertia  of  cross  section 
divided  by  greatest  distances  of  particles  from  centre  of  figure  represents 
correctly  the  torsional  modulus  of  even  a  sfiuare  shaft  and  still  less 
sections  of  greater  UTegiilaiity.  It  will  be  found  that  there  is  a  slight 
error  on  i>age  page  85.  (1 0)  should  read — 
,       8  W  L 

The  deflection  as  given  is  that  of  a  beam  of  uniform  ^tplh  and  strength, 
and,  therefore,  in  plan  a  triangle,  and  of  volume  —^• 
This  correction  leads  to  the  result — 

(and  this  is  true  in  the  case  of  eilhfr  form  of  beam,  thus  tending  to  con- 
firm the  author's  theory  of  work  in  relation  to  volume).  The  reasoning 
on  page  86  sceme  hardly  to  go  as  far  as  it  may  easily  lie  carried,  for  if  the 
priamalie  beam  be  shaped  into  one  of  egiml  shmyih  not  only.ia  there  an 
increase  in  the  work -coefficient  due  to  the  saving  of  volume,  but  an 
additional  increase  due  to  the  increased  deflection,  thits  hiking  the  para- 
bolic beam  its  deflection  is  double  that  of  the  prismatic  beam,  while  ite 
volume  is  two-thirds,  thus  we  should  infer  that  its  worfc-coeflicient  would 
be  increased  in  ratio  of  2  x  ^  or  3,  and  referring  to  (0)  this  would  give 
for  the  parabolic  beam — 


Work  = 


1  Vol./' 

2  B 
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which  makes  the  transverse  ' work-coefficieut '  equal  to  the  teaflilc  'work- 
coefficient.'  Apiin  considering  the  theoretical  relation  for  the  beam  of 
equal  strength — 

Work  =  J-Y^ 

and  incrcasinji  thia  in  the  same  ratio  as  the  experimental  result,  for  the 
yriamalis  beam  is  found  to  exceed  the  theoretical,  there  is  found — 

that  is —  —^ Ar—  as  above. 

Now  tliis  I'eault  (which  apieiirs  quite  legitimutely  obtained  if  (9)  be 
correct)  cannot  be  reconciled  with  (4),  as  it  seems  impossible  to  con- 
ceive that  the  molecular  stresses  in  a  solid  ijeani  are  as  uniform  in 
intensity  (though,  of  eoui-se,  not  in  kind)  as  is  the  case  in  a  bar  subjected 
to  direct  streps.  The  conclusion,  therefore,  appears  to  be  that  it  will  be 
necessary  to  have  recourse  to  experiment  iu  order  to  determine  thu 
actual  '  work-coefRcients '  of  beams  of  forms  of  ei|ual  strength.  I  hope 
that  my  friend  Mr.  Foster  ivill  excuse  these  criticisms,  assuring  him  that 
I  have  read  his  paper  with  great  iutcrest  and  profit." 


The  following  communicntion  has  been  received  from  Professor  Alex. 
B.  W.  Kknkedy,  of  University  College,  London  : — 

"  I  am  very  sorry  that  most  severe  pressure  of  work  prevenled  me  from 
examining  Mr.  Foster's  paper  in  time  to  take  any  part  in  the  discussion  on  it. 
I  cannot  say  yet  that  I  have  had  time  to  do  it  justice  at  all,  but  I  welcome 
the  long  series  of  careful  experiments  as  a  valuable  contribution  to  onr 
knowledge  of  the  strength  of  materials.  From  the  theoretical  point  of 
view  I  am  sorry  that  I  um  not  quite  able  to  agree  with  the  anther,  which 
perhaps  may  be  due  to  my  not  nnderstanding  him  fully.  But  if  the 
publication  of  the  discussion  is  not  yet  completed.  I  should  like  to  suggest 
to  him,  through  yon,  that  the  equation  (3),  on  page  8:),  on  which  I  think 
the  author's  main  (theoretical)  contention  depends  requires  other  proof 
than  that  given  in  the  paragraph  preceding  it,  which  I  confess  I  have 
found  quite  unsatisfactory.  I  daresay  Mr.  Foster  naay  have  some  other 
and  more  convincing  form  of  proof  of  this  matter,  and  if  so,  I  think  it 
would  Iw  advantageous  that  it  shonld  be  given  in  his  reply." 
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Third  Sebsios,  1886-87. 

PBOCEEDINGS. 

FIFTH  GENERAL  MEETING  OF  THK  SE3SI0S,  HELD  IS  THE 
LECTURE  HALL  OF  THE  SUBSCRIPTION  LIliltAKV,  PAWCETT 
STREET,  SUNDERLAND,  ON  WEDNESDAY  EVENING.  FEBBUAJtY 
9th,  1887. 

W.  THEO.  DOXFORD,  Ebq.,  Phesident,  is  the  Chaii. 


The  Secretary  read  the  Minutes  of  the  last  General  Meeting,  held  in 
Newcastle-upon-Tyne  on  8rd  instant,  which  were  approved  by  the 
members  present,  and  signed  by  the  President. 

The  Prksidiskt  said,  before  proceeding  with  the  ordinary  busiueas  it 
was  hia  nnfortunate  duty  to  have  to  refer  to  the  death  of  another  of  their 
prominent  members.  Mr.  W.  J.  Clark,  who  hud  died  since  the  last 
meeting,  was  a  membov  of  Ehe  Council  of  their  Institution  up  to  the  end 
of  last  session,  when  he  retired  on  account  of  his  ill  health  ;  he  was  also 
one  of  the  Vice-Presidents.  He  (the  President)  was  personally  acquainted 
with  Mr.  Clark,  and  knew  the  great  interest  he  took  in  every  thing 
connected  with  their  Institution.  Owing  to  hia  training  and  mathematical 
knowledge  he  would  have  been  a  most  useful  memlwr  of  their  Inslitution 
had  he  been  spared,  but  unfortunately  it  was  not  to  Ijc  bo,  and  they  had 
now  to  deplore  his  untimely  loss.  Ht  would  now  call  upon  Mr.  Foster 
to  reply  to  the  remarks  made  upon  his  paper  at  their  last  meeting. 
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Mr.  Foster  said,  in  I'epljing  to  the  discussion  on  his  paper,  he  mifrht 
be  excused  if  be  prefiiced  his  remarks  with  the  following  extract  from 
the  paper  written  bj  their  kte  lamented  memler,  Mr.  Ivan  Mavor ; — 
"  It  has  always  lieeu  thu  order  of  prof^ress  that  art  goes  first  and  after- 
wards science,  and  it  may  safely  be  laid  down  that  it  is  iiecessary  tirat  to 
ground  in  ])r<icLice,  and  then  the  study  of  the  ticience  bect-mes  not  only 
easier,  but  infinitely  more  interesting  and  instructive."  It  apj^ared  to 
him  that  certain  advocates  of  the  "accepted  theory"  of  ttie  strength  of 
structures  were  disposed  to  I'ecoguise  that  theory  as  absolutely  unassail- 
able, and  wherever  the  facts,  us  illustrated  by  esittriment,  were  at  vari- 
anee  with  their  theory,  "so  much  the  worse  for  the  facts,"  and  instead 
of  tiding  to  explain  the  experiments,  they  tried  to  explain  them  away. 
This,  he  submitted,  was  not  the  course  adopted  by  any  one  in  search  of 
truth.  It  had  always  been  an  estabiished  axiom  iu  his  mind  that  fur- 
mulie  fur  tlie  estimation  of  the  strength  of  structures  which  did  not 
i-epresent  tlieir  actual  elastic  or  ultimate  strength,  as  the  case  might  be, 
were  to  the  engineer  worse  than  useiess,  since  tliey  oidy  served  him  to 
make  mistakes,  and  stood  in  the  way  of  experimental  enquiry.  He  ex- 
jjected  considerable  opposition  tn  his  views,  and  would  have  been  dis- 
appointed had  it  been  otherwise;  but  when  it  was  oonsidered  that  the 
"accepted  theory"  was  opposed  to  the  laws  of  conservation  of  energy, 
this  in  itself  wuB  sufficient  eventually  to  silence  all  opponents, 

Mr.  Spenee's  opening  and  closing  remarks  were  so  directly  ojiimeed 
to  each  other  that  it  was  impossible  to  reconcile  them.  Firetly.  Mr. 
Spence  considered  "  that  agi'eement  with  experiment  was  proof  positive 
that  the  writer  was  in  error,"  and  conversely,  that  the  disagreement 
between  the  old  theory  and  experimental  [■esnlts  was  a  strong  argument 
in  its  favour,  and  afterwards  "appeded  to  experiment  in  the  endeavour  to 
establish  the  accuracy  of  fundamental  theories."  In  assuming  that  he 
(Mr.  Foster)  entirely  ignorwl  the  elastic  strength  of  a  structure,  and  only 
referred  to  its  ultimate  strength,  Mv.  Spence  was  iu  error,  as  a  very 
casual  glance  at  the  tables  of  experimeiits  would  show  that  both  elastic 
and  ultimate  strengths  were  considered;  and  further,  his  assumption  that 
the  modulus  of  elasticity  was  only  constant  within  the  elastic  limit,  was 
also  quite  eiToneous,  as  would  presently  be  shown. 

To  the  importance  of  referring  all  calculations  of  the  strength  of 
structures  to  tlieir  elastic  limits  no  one  could  be  more  alive  than  the 
speaker,  but  when  properly  applied  a  true  theory  would  equally  apply, 
either  when  referred  to  the  elastic  limit  or  to  the  idtimate  strength,  as 
woidd  be  iipparent  from  the  follonnng  simple  illustration  : — Suppose  a 
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bur  of  Bteel  or  other  material  Iwviiig  a  tensile  elastic  limit  of  fifteen 
tons  per  square  inch  and  a  maximum  strength  of  thirty  tons  to  be 
placed  in  the  testing  machine  and  a  tensile  strain  applied  ;  then  so  long 
as  the  elastic  limit  of  fifteen  tons  per  square  inch  was  not  exceeded,  the 
elongation  of  the  bar  would  hit  directly  propurtional  to  the  load  applied; 
if  however  the  elastic  limit  was  exceeded  the  bar  would  take  a  "set,"  and 
would  continue  to  do  so  as  the  load  was  increased.  After  reaching 
twenty  tons  per  square  inch  suppose  all  strain  to  lie  removed  and  the 
experiment  commenced  over  again,  it  wonld  now  be  found  that  the 
elongation  was  proportional  to  the  load  applied,  up  to,  or  nearly  up  to, 
the  point  where  the  experiment  had  been  prei'iously  discontinued;  in  other 
words,  the  elastic  limit  would  be  pushed  up  from  fifteen  to  twenty  tons, 
and  any  one  afterwards  testing  the  bar,  and  Iwing  ignorant  of  its  pre- 
vious treatment,  would  register  its  elastic  limit  as  twenty  tons  per 
square  inch.  In  the  same  way  the  elastic  limit  of  the  bar  could  be 
gradually  inereaBed  until  it  nearly  coincided  with  the  masimum  strength, 
and  the  elasticity  of  the  bar  would  he  perfect  frum  zero  nearly  up  to  its 
breaking  strain.  To  aesnme  therefore  that  when  the  first  elastic  limit 
was  exceeded,  that  the  bar  was  no  longer  elastic  was  qnite  erroneous,  for 
probably  in  more  than  999  springs  out  of  every  1,000  manufactured, 
the  first  elHBlic  limit  wa^  thus  hfted  np,  and  advantage  t^ken  of  the 
increased  elastic  strength  thereby  induced.  In  drawing  their  diagrams  of 
strain  both  Mr.  Rpeuce  and  Professor  flarnett  neglected  to  diBtinguish 
between  the  diagram  of  work  and  the  diagram  of  "  set,"  and  apparently 
forgot  that  there  were  two  elements  at  work  when  n  bar  was  being 
broken ;  one,  the  load  overcoming  the  liar,  the  other  the  bar  overeomiug 
the  load.  The  elTect  on  the  bar  produced  by  the  load  at  any  given  instant 
was  represented  by  the  diagram  of  work, 
plus  the  diagram  of  "set,"  while  the 
diagram  ot  work  alone  represented  the 
resistance  offered  by  the  bar.  Thus,  in 
Mr.  Si)encc's  diagram  here  reproduced, 
where  the  line  C  E  coincides  with  the 
elastic  limit,  the  triangle  ACE  would 
represent  the  work  done  both  by  the 
bar  and  the  load  up  to  the  elastic 
limit,  and  the  triangle  A  B  F  the  total  work  done  by  the  bar  up 
to  iu  maximum  str.iin,  while  the  whole  triangle  A  B  F,  plus  the 
diagram  of  "tcl"  G  D  F,  would  represent  the  effect  produced  by  the 


liii  rrsrussios— THE  pRiscrpi.F.  op  work,  kto. 

load  in  breaking  the  bar,  When  the  diagram  of  "Bet"  woa  thus  elimi- 
nated (as  it  always  should  be),  the  modulus  of  elasticity  was  practically 
constant  both  above  and  below  the  elastic  limit,  To  prove  tbie  the 
following  method  of  procedure  was  adopted  in  conducting  the  esperi- 
ments  on  helical  BpringB.  illugtnited  in  Plates  31,  22,  and  23.  The 
spriiigs  were  first  tested  in  their  unhardcned  state,  Ihe  deflection  per 
incremi-nt  of  lond  being  carefully  registered,  and  the  loads  removed  after 
each  addition  to  ascertain  "set."  After  each  spring  had  Ijeen  thus  tested 
"  home,"  all  load  was  remored  nnd  the  spring  tested  over  again.  Thej 
were  then  heated  to  a  bright  red  heat,  set  up  to  their  original  height  and 
Imrdened  and  tempered  in  the  ordinnry  nay,  after  which  they  were  tested 
once  more,  The  lesults  obtained  from  all  the  springs  being  nniform,  it 
is  only  necessary  to  give  those  obtained  from  spring  (A)  as  an  illustration. 

SPUHO  (A).      (.USHAKDSKBD.I 

Height  before  lestiap  =  lajji' 
„       after  .,       =  I'm' 

Losdincwts 6    10    15    SO    25    30    3G    10    16    fiO 

Deflection  in  inches    ...      J     J      i     iji   i^  i.^  ij  3^  2.H  S| 

Set  A     t     1^     1 

< Tested  dveb  agad.-.] 

Loadincw-ta B     10    IB     20    25    30    3G 

Deflection  in  inches i      i      1       ^      U     Ij     1| 

6ot  nil. 

Spring  (A)  after  being  heated  to  a  bright  red  heiit,  and  hardened  and 
tempered — 

Heiglit  before  \catiug  —  131" 
.,       nftcr        „        -  1311" 

Loaii  iin;w.l9 a     10      la     20     25     30     33     40     45     BO     55     eO     85     70 

Deflection  in  inches.,,  j  !  1  H  >i^  h'l  K  ■!  2^  2|  2]  2H  3^  3f 
6eM  „         ...  A  i     A 

A  comparison  of  the  results  obtained  nuder  the  three  conditions  woald 
show  that  the  deflections  per  increment  of  load  were  almost  identical,  and 
therefore  proi'ed  that  the  modulus  of  elusticity  of  the  material  was  not 
altered  either  by  t^flting  above  the  elastic  limit  or  by  hardening ;  the 
hardening  simply  raised  the  elastic  limit  without  altering  the  deflections 
per  increment  of  load. 

The  deductions  of  Professors  Garnett  and  Alexander  in  reference  to 
pages  83  lo  SG  of  the  writer's  paper  were  identical,  but  in  assuming  that 
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Ul 


d=    ^ 


the  \y&\xir  was  eutiiely  fuiiudecl  ou  the  reasoning  there  gi\en  they  were 
qnlte  ut  erior,  fur  as  a  matter  of  faoL  it  wag  nerer  afterwords  used,  for 
reasons  which  would  presently  appear  obvious. 

By  tniRting  to  a  Btandard  German  text  book  on  Machine  Design,  he 
(Mr.  Foster)  had  been  led  into  an  error  on  page  Sfi  of  hia  paper,  where 
formub  (10)  instead  of— 

6WL' 

should  have  been — 

,       «WL> 
''=  B6F 

And  in  the  case  of  the  beams  illustrated  by  Figs.  1,  2,  and  i,  Plates  18 
and  19,  tlie  diagrams  of  work  had  been  dra^n  wrong  in  order  to  lead  to 
controvert,  and  eventnally  to  the  recognition  of  a  third  element  of 
strength  in  beams,  generally  ignored,  bnt  which  was  kiiowu  to  exist,  and 
which  was  absolutely  necessary  in  order  that  the  "  principle  of  work" 
might  be  true,  and  he  was  pleased  to  find  that  Professors  Gamett  and 
Alexander  liad  so  kindly  responded  to  the  inducement  held  out,  for  he 
would  be  able  to  sltow  wherein  they  were  in  error.  On  the  asBiunption 
that  there  were  only  two  elements  of  strength  in  a  beam  under  transverse 
strain,  namely,  the  resistances  to  direct  compression  and  extension,  the 
learned  gentlemen  determined  the  work-coefficieut  of  a  beam  of  uniform 
rectangular  cross  section  thronghont  its  length,  fixed  at  one  end  and 
loaded  at  the  other,  to  be  represented  by  the  formola — 
1  Tol./^. 


OT, 


Work  X  2  =  i7 
Work 


1  \6i.P 
18      E    ' 


which  was  the  same  as  that  given  in  the  paper  on  page  85,  No.  8.  As 
a  matter  of  fact,  however,  the  eulital  work  equivalent  within  the  elastic 
limit  was  three  times  the  value  here  given,  or  equal  to 

Workx2  =  i™/i. 

Now  he  wiis  certain  about  this,  for  the  very  sufficient  reason  that 
he  had  tried  it  uver  and  over  again,  and  was  able  to  show  where  the 
discrepancy  occurred,  for  in  conducting  the  experiment  it  soon  became 
apparent  that  the  deflection  per  increment  of  loud  was  faithfiilly  given  by 
the  formula — 

m?  _  4WI.' 

SEX  ~     EW»  ' 


d=  - 


U2 
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but  the  masimum  deflection  within  the  actual  elaslic  limit  was  y/S  times 
more  than  the  tensile  or  compreeeirc  strength  of  the  material  would 
warrant,  requiring  of  course  */&  times  the  theoretical  safu  load  to  produce 
it,    givii^   three   times    the 
theoretical    work-coefficient. 
Again,  duriog  the  winter  of 
1884  and  1885  he  had  con- 
ducted experiments  on  beams 
of  uniform  depth  thronghont 
their  length,  fixed  at  one  end 
and  loaded  at  the  other,  and 
gradually  tapering  in  width 
until  they  assumed  the  furm  of  uniform  strength  and  depth  shown  in 
Fig.  9  ;  and  here,  too,  he  had  found  that  the  deflection  yxT  increuicnl  of 
load  was  faithfully  givon  by  the  theoretical  formula — 
.  _  liWL" 
^  -    FM'  ' 

but  that  the  deflection  within  the  elastic  limit,  and  the  load  to  produce 
it,  were  each  73  per  cent,  more  than  the  actual  elastic  strength  of  the 
material  would  warrant,  so  that  the  adtial  work-coefficient  of  this  form 
of  beam  within  the  elastic  limit  was — 


1  \ol.f' 

2  E     ' 


Work 

Work  =  -il2W:' 


given  \<j  Professor  Alexander.  He  had  not  experimented  with  beams  of 
uniform  strength  and  width,  and  of  \'ariable  depth,  but  he  did  uot  doubt 
that  here,  too,  the  same  itlatiouahip  would  be  fouud  to  apply.  It  would 
therefore  be  evident  why  he  always  distinguished  between  the  trans- 
verse stress/,  and  the  tensile  stress/,  and  how  the  relationship — 

Imd  been  obtained.  His  paper  was  therefore  not  founded  upon  an  error, 
as  Professor  Alexander  had  assumed,  but  upon  an  absolute  fact,  detiT- 
mined  by  experiment ;  and  in  assuming  that  onlr/  in  the  case  of  Baker's 
experiments  were  the  strength  of  beams  in  non-accoi-d  a  nee  with  theory, 
the  learned  Professor  was  altogether  in  error,  in  proof  of  which  the  writer 
begged  to  refer  him  to  the  experiments  of  Hodgkinson,  Barlow,  Kirkaldy, 
Kennedy,  Wohler,  and  many  others.     But  possibly  a  person  was  never  so 
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thoroughly  convinced  aa  when  lie  cotivinced  himself,  and  if  Professor 
Alexander  would  compare  the  actual  work  done  with  the  volume  of 
material  used  in  laminated  springs  on  the  thousands  of  wagons  running 
on  our  railways  he  would  fijid  hia  determinations  absolutely  inadmissible. 
Professor  Qarnett  recognised  the  fact  that  the  transverae  strength 
of  a  solid  biir  was  very  much  in  DscesB  of  that  calculated  by  the  "accepted 
theory,"  and  accounted  for  the  discrepancy  by  iisauming  that  the  neutral 
axis  shifted  when  the  top  or  bottom  fibres  were  strained  abo\'e  their  elastic 
limit ;  but  the  fact  remained  that  the  calculated  stress  on  these  fibres  was 
over  70  per  cent,  more  than  that  capable  of  jjermanently  stretching  or 
compressing  them  before  any  "set"  was  observable.  Again,  in  bars  of 
hardened  tool  steel,  where  the  elastic  limit  and  the  breaking  strength 
wei'c  identical,  the  same  discrepancy  was  observed ;  and  furthermore,  he 
(Professor  Gamett)  was  not  justified  in  any  such  assumption  by  the 
results  of  Barlow's  experiments,  from  a  description  of  which  the  following 
extracts  had  been  made* : — 

"  It  haa  long  been  kitowa  that  under  tlie  oxiatiug  theorj  uf  beama,  which  recoguise* 
odIj'  tno  Dlcmeiita  of  strength,  nnmvlj',  the  resUtaiicea  to  direct  cotnpreuion  and  exten- 
sion, the  BtroDgtb  of  a  bar  of  cast  iron  subjected  to  transvcnie  »tntin  cannot  Ixi  recon- 
ciled with  the  results  obtoiued  from  oxperiments  on  direct  tension  if  the  neDtral  mis  is 
in  the  centre  of  the  bar." 

"  The  etperimonta  made  both  on  the  transverse  and  the  direct  teuEilo  strength  of 
this  inalcrial  hare  been  so  nnmerous  aod  so  carefully  conducted  u  Ui  admit  of  no  donbt 
of  their  aecuracj;  and  it  results  from  thein  either  that  the  neutral  axis  must  be  at  or 
above  the  top  of  the  beam,  or  there  must  be  some  other  cause  for  thostrenglheihlbited 
b;  the  beam  when  anbjected  to  transverse  strain." 

"I  waadeurous  that  the  oxperimentB  for  determining  the  i)osition  of  the  neutral  a;iis 
should  be  made  on  such  a  scale  and  in  such  a  manner  as  to  place  this  question  bejond 
doubt  s  and  with  this  object  the  following  mearis  wcru  adopted." 

Mr,  Barlow  then  goes  on  to  give  the  particulars  of  his  esperiments  on 
two  beams,  and  to  describe  the  apparatus  for  taking  the  mtasurementa, 
and  says : — 

"  Tlic  measurements  were  taken  four  tiroes  in  each  poution  of  the  beam,  and  the 
error  of  measurement  did  not  general!;  oicccd  from  one  to  two  divisions  (each  division 
«■»»  eqoal  to  iVtu  ot  an  inch),  but  if  in  the  four  observatioui  an  error  amounting  to 
more  tluin  four  was  foand,  it  hbs  corrected  bj  romcasnreinents.  •  •  •  In 
theae  experiments  mure  than  3,000  messuremente  were  takeii." 

And  Mr.  Barlow  afterwards  remarks : — 

"The  results  eihibit  more  regularity  than  coiild  liave  been  eipecled,  and  thej  point 
out  the  postion  of  the  neutral  axis  as  the  centre  of  the  beam  in  a  manner  so  decided  ai 
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•»  d  favtkcr  4g<At  i^M  iIm  M^JMt.  ■«  Md;  i>  Ik  Bda  « 

t  woold  IlKR&n  be  obruNa  fom  ifae  renh*  ef  tiieat  tsqtsiaiKwta,  OmL  i 
|ihednacpu>c7Ri'oi«dtobadto  beacoooBledforb/aoau 
'tfoa.  Profewor  GMiieateeaMdIoUiiiifclhatiM (Mr.  Pater) dooibiBdflg  ^ 
tmlli  of  Hotfkv'ti  hv  (id  fauw  m:  vw).  TUs,  bowenr,  ma  an  aror, 
for  in  natitj  he  had  iboini  UmL  n  Uie  fcarder  qiMfitan  <rf  sted,  wImb 
the  diagnin  of  work  msdistaigitHbed  {ron  tbedtaf;miiof  "set,"  Hcnln^ 
Uw  WW  ftppUcaUe  Deariy  op  to  the  braking  strun ;  and  tim  Imned 
ProfemVs  tfaUxoeut  that  "  to  obtain  e^ieriinental  resnlta  cooulent  with 
the  'accepted  tbeorj,'  the  toodii^  mnat  cease  as  soon  as  the  aBghtait 
divergence  from  Hooke's  law  can  be  detected  "  was  \tjj  midendi^.  be- 
CKue  Profeaeor  Kenned;  had  shown  that  in  a  har  of  mild  steel  aahyected 
to  tension  for  the  firiit  Ume  after  maDufacture,  a  email  pennanent "  eet"  WH 
observable  with  api«rat[iii  gnifici&Dtl;  delicate,  with  a  load  of  abont  ODe- 
third  the  breulcing  loud,  bat  that,  nererthelesB,  the  extensions  were  pro- 
portional to  the  tensioDB  np  to  about  one-half  ih^.  breaking  load.  l^>ese 
small  pennanent  "ect«"  it  was  well  known  were  due  to  the  presence  of 
initial  strains  in  the  piece,  and  mifibt  he  indnced  b^nnetjnal  cooling  of  the 
tt St  bar ;  and  it  had  been  pointed  out  by  Mr.  Percjr  Vavasseor  Appleby*  that 
in  tcating  a  bar  to  obtain  its  modnlus,  it  was  advisable  to  str^n  the  bar  to 
about  three-qnartctH  of  its  limit  l)efore  commencing  to  record  the  readings. 
It  was  not,  however,  generally  known  tliut  by  tint  hardening  and  tem- 
pering a  helical  spring,  then  gradually  straining  it  above  its  elastic  limit, 
and  afterwards  submitting  it  to  rough  nsage.  made  it  abeolntely  nniform 
in  its  working  results,  that  is,  in  btrict  accordance,  with  Uookc's  law,  but 
as  an  illustration  of  this  fact  he  gave  the  following  results  of  experi- 
ments : — 

Test  uf  a  helical  spring  after  being  squeezed  "  home"  and  recei^ng 
ix)naidemb]e  permanent  "set": — 

Dtflootiung  111  inaofl    ...     |     J-     li     i|  *     'A     'A     >H     2    2^+     SJ 
LowiBintwtB 10  20       30    40        60       60      70    80    90        100 


The  same  spring,  after  hiiviug  been  struck  2,000  blows  under  a  12  cvtti. 
steam  tilt  hammer,  striking  260  blows  per  minnte ;  deflection  under  each 
blow  =  2" : — 


Deflectlont  in  inchM  .. 


1      I      I      1      U      It      1|      3      21 

10    20    30     40     50      60      TO     SO      l<0 


■  Inal.  irf  Ci*il  KiiKiiif 

•V;  "fO  i  1 
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It  would  be  observed  that  after  the  Bcvere  treatmeut  the  spring  had 
received  it  gave  e(|iial  deflectimia  per  incremeat  of  load,  which  was  not 
the  caae  previously ;  it  was  nlao  intereating  to  add  that  the  spring  wan  so 
hot  after  the  hnmniering  that  the  hand  was  bnrnt  in  touching  it.  Before 
being  tested,  however,  the  Hprlng  was  allowed  to  cool  to  its  normal  tem- 
perature, and  be  recommended  a  somewhat  similar  treatment  when 
springs  were  required  for  indicMore  and  similar  instrnments,  where 
nuiform  deflections  for  nniforra  increments  of  load  were  absolutely 
necc38ai7. 

He  was  pleased  to  find  that  Mr.  Beynolds  agreed  with  him,  and 
that  their  mutual  attention  hud  been  drawn  to  the  subject  by  experi- 
ments upon  springs,  because  he  conaidortd  that  springs  (wherein  both 
elasticity  and  strength  were  required)  afforded  us  the  beat  possible  means 
of  studying  the  strength  and  endurance  of  materials.  He  agreed  with 
Mr.  Reynolds  that  our  knowledge  of  the  factor  of  safety  which  would 
afford  us  a  permanent  atructure  under  dynamical  loads  was  very  limited, 
and  thought  with  him  that  the  factor  of  safety  should  have  reference  to 
the  elastic  limit,  and  he  did  not  think  that  any  artificial  means  of  raising 
the  elastic  limit  of  a  material  which  did  not  at  the  same  time  raise  its 
ultimate  strength  would  add  to  the  endurance  of  that  material.  Oil 
hardening  and  tempering  would,  he  believed,  add  to  tlie  endurance  of 
ateel,  because  both  the  elastic  limit  and  breaking  strength  were  raised 
Ihereby,  without  very  much  altering  the  jiercentage  of  elongation  before 
fracture,  and  in  this  direction  he  believed  that  great  results  would 
ultimately  accrue  from  the  ejqwriments  on  "Fatigue  of  Metals,"  com- 
menced by  Wohler,  and  since  repeated  by  Spangenberg  and  othcra. 

He  was  pleoaed  to  fiud  that  Mr.  ISisaon  recognised  the  "principle  of 
work"  Iheoryasastepinadrauce,  and  that  Mr.  Sissonhad  observed,  what 
he  (Mr.  F'oater)  had  endeavoured  to  hide,  for  pnrpoaea  already  explained, 
viz.,  that  the  transverse  work -coefficients  of  ordinary  constructive  materials, 
when  distributed  to  the  best  advantage,  were  equal  to  their  tensile  work- 
coefficients.  Of  course  thia  could  only  be  true  with  materials  which  were 
equal  in  strength  and  equally  elaalic,  no  matter  in  which  direction  the 
test  piece  was  cut;  with  wood,  the  lateral  adhesion  of  the  fibres  was  very 
small,  and  ila  behaviour  under  transverse  strain  was  something  similar  to 
that  of  a  laminated  spring,  which,  though  not  so  elroruj  as  a  solid  beam 
of  equal  depth,  was  very  much  more  elastic.  With  regard  to  the  position 
of  the  neutral  axis  of  a  bean),  it  was  evident  from  the  experiments  of 
HodgkinaoQ  on  cast  iron  beams  of  varying  ratios  of  tension  and  compres- 
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Bion  flanges,"  Ihat  it  was  not  very  far  from  ihe  centre  of  gravity  of  the 
cross  section,  but  he  thought  that  in  determining  its  position,  the  relatiyo 
moduli  of  elasticity  of  the  material  in  tension  and  compression  should  be 
carefully  considered ;  because  where  one  was  greater  than  the  other  the 
neutral  axis  would  be  above  or  below  the  centre  of  gravity  aa  the  case 
might  be,  and  the  strength  of  the  beam  somewhat  modified  thereby.  He 
did  not  agree  with  Mr.  Siason  that  it  ivas  arbitrary  to  alter  the  polar 
moment  of  inertia  ( I,  )  for  a  square  bar,  as  had  been  done  on  page  lOa 
of  his  paper.  He  was  glad,  however,  that  his  motive  for  so  doing  had 
been  rjuestioned,  because  it  afibrded  him  an  opportunity  of  fully  stating 
his  i-easons.     From  the  formula — 

representing  the  deflection  of  a  helical  spring  as  given  on  page  101,  it 
was  evident  that — 

and  if  the  theoretical  values  of  I,  =  —  It'  foi'  round  Imra,  and  Ip  =  -  8* 

for  square  bars  be  substituted,  and  the  formula  i;Eed  to  determine  the 
values  of  (G)  from  actual  experiments  on  helical  springs  made  from  round 
and  square  bars  respectively,  it  would  be  found  that  the  ^'iiluesof  (G)  for 
round  bars  were  always  greater  than  for  si^uare  bars,  although  both  kinds 
of  springs  bad  been  made  from  the  same  piece  of  steel.  The  trouble, 
however,  did  not  end  here,  fur  if  the  experiments  were  continued  on 
helical  springs  made  from  oblong  cross  section 
_ —^  .  lars  as  shown  in  Fig.  10,  and  Renleaux'a  value 
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Ki.  IB.  be  substituted,  it  would  he  found  that  the  values 

of  (G)  varied  with  every  alteration  in  the  ratio  of  thickness  to  breadth  of 
bar;  hut  (G)  was  a  property  of  the  material  and  amid  not  Ik;  assumed 
to  alter  with  every  alteration  in  the  form  of  cross  section,  and  therefore 
the  writer  had  altered  the  value  of  (Ip)  for  square  bars  so  that  (G)  might 
be  constant,  and  he  had  found  by  plotting  the  results  of  t 
■  Hemoin  of  Uic  Litem?  aud   PbiloaopMcBl  Suoioty  of  M&iiGlie«ter. 
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series  of  eiperiments  on  helical  Bpriugs  made  from  oblong  cross  section 
bare  of  varying  ratios  of  thicknew  to  breadth,  tliat  the  Talue  of  (Ip)  for 
any  reetangidar  bar  was — 

I  ^ {      ^   \(  ^^^'  ^ -    ^    ( -'^^^ ^ 

"        VsVi*  +  AV  U*  +  li'J      S  Sec  0  \h-'  +  }i?) 
which  for  a  square  bar  became — 


as  given  on  j«ge  103  of  the  paper,  from  which  it  followed  on  the  writer's 
general  priiiciple  that — 

c  O a  1   tJ3  1T_1      r   0 


(3g4  •^        '  a  Q       ' 

from  which  the  modulus  of  aection  Z,  coiild  be  determined  for  any  rect- 
angular bar,  as  shown  on  i>age  1U9. 

In  conclusion,  he  Ijeggeii  to  thauk  the  President  and  Council  of  that 
Institution  for  the  pablicity  given  to  hia  paper,  and  for  the  opportunity 
they  had  afforded  him  of  replying  to  the  criticism  which  it  had  evoked. 


The  Presirent  said,  he  thought  they  would  all  agree  that  the 
beautiful  and  extensive  tests  that  had  been  made  by  the  wTitcr  of  the 
pa]ier  were  almost  invaluable ;  that  the  paper,  as  a  whole,  was  equal 
to  any  that  they  had  yet  had,  and  one  that  was  worthy  of  being  read 
before  any  of  the  institutions  of  the  country.  The  discussion  also 
would  be  very  valuable  additions  to  their  Transactions,  and  he  had  very 
great  pleasure  in  proposing  a  hearty  vot«  of  thanks  to  the  writer  of  the 
paper. 

Mr.  Stihzakee  endorsed  the  remarks  of  the  President.  Tlie  paper 
had  been  one  of  the  most  interesting  which  had  been  read  before  the 
Institution,  at  least  to  the  engineering  section  of  it.  It  liad  received  a 
great  deal  of  adverse  criticism,  very  rightly  so  in  his  opinion,  fur  he  had 
spent  three  evenings  in  reading  it,  and  had  come  to  the  conclusion  that  the 
deductions  were  wrong.     He  entirely  agreed  with  Pi-oleasor  Oarnett's 
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ruasoniug,  He  considered  it  would  havu  Iteeo  well  if  more  of  the  paper 
Lad  beeu  devoted  to  lioUow  shafting  and  less  to  beams.  Ue  thonglit  that  the 
most  practical  waj  of  calctilating  the  strength  of  boama  was  not  from  the 
tensile  strength  of  the  material  but  from  the  transverse  strength  of  it,  as 
obtained  from  a  test  bar,  because  beams  were  subjected  to  both  tensile  and 
compressive  striiiufi.  He  was  sure  Mr.  Poster  would  take  in  good  part 
all  that  had  been  said  about  his  paper.  Ue  had  great  pleasure  in 
seconding  the  motion. 

The  motion  was  carried  by  acclamation. 

Mr.  Foster  said,  in  thanking  them  for  their  vote  of  thanks,  he  was 
only  there  in  the  interests  of  truth,  and  he  would  be  pleased  to  meet 
Professor  Oamett  again  when  ho  (Professor  Ganiett)  got  his  testing 
machine,  for  it  was  absurd  to  argne  against  facts.  His  theory  of  the 
torsional  strength  of  hollow  shafting  was  proved  by  esperimeota  which 
could  not  be  gainsaid,  and  he  would  be  glad  to  see  these  experiments 
repeated  on  a  larger  scale,  in  the  presence  of  representatives  of  the 
Admiralty,  Board  of  Trade,  and  Lloyd's  Register.  He  Ihimkcd  them 
very  kindly  for  their  vote  of  thanks. 


The  following  paper  on  "  Some  Notes  on  the  Lnunuhing  of  Vessels," 
by  Mr.  H.  G.  (iannaway,  was  then  read  : — 


som;  NOTES  on  the  launchino  of  vessels. 


SOilB  NOTES  OX  THE  LAUNCHING  OF  VESSELS. 


By  H.  fi.  GANNAWAY. 

As  no  paperB  npou  luiinching  have  yet  been' read  before  this  Institation, 
and  tlje  suliject  ib  one  cliat  has  not  evea  in  older  institutiunfi  recei\'ed  the 
attentioa  that  it  deeerves,  it  will  perhaps  be  a  suitable  one  for  considera- 
tion HOW,  more  especially  as  in  recent  years  many  of  the  vessels  built  in 
thia  district  have  reached  very  considerable  dimensions,  even  if  we  left 
oat  of  consideration  war  \'csBels,  and  others  of  special  ty|iee,  and  thus 
require  much  more  study  than  has  possibly  been  hitherto  paid  to  tliis 
matter. 

The  main  object  of  this  paper  is  to  deal  with  the  form  of  launch  ways, 
and  to  point  out  the  effect  of  variations  of  curvature  and  declivity.  The 
limits  of  time  available  for  a  paper  of  this  nature  render  it  impossible  to 
deal  with  many  other  points  of  interest,  which  could  each  furnish  a 
subject  for  a  separate  paper. 

In  vessels  of  moderate  size,  and  not  differing  in  any  material  features 
from  the  ordinary  type,  the  diffictiltiea  and  dangers  incurred  in  laiincliing 
alUioiigh  considerable,  are  usually  successfully  coped  with,  and  do  not 
require  any  special  mode  of  treatment  either  in  calculation  or  in  the 
practical  carrying  oat  of  the  work.  In  m<i5t  shipbuilding  yards,  therefore, 
the  laying  of  the  ways  for  such  vesaels  is  left  mainly  in  the  hands  of  the 
foreman  shipwright,  who,  in  fixing  the  declivity,  is  guided  by  his 
experience  of  other  launches,  which  generally  leads  him  to  a  rensonably 
successful  result.  It  is,  however,  evident  that  such  a  system  while  being 
wholly  unfit  for  unusual  types  of  veBsels  may  even,  in  ordinary  ships, 
occaaioiially  lead  to  failure,  or  very  near  it,  and  as  the  trouble  and 
expense  of  working  upon  a  more  correct  method  is  not  very  great,  it  ia 
questionable  if  it  would  not  be  more  satisfactory,  even  in  ordinary  cases, 
to  pay  somewhat  more  attention  to  the  launching  arrangements  than  is 
now  generally  done. 

The  form  of  ways  for  ordinary  merchant  ships  is  of  comparatively 
little  importance,  but  in  special  cases,  sueh  as  armoured  war  vessels  or 
long  hght  river  boats,  if  there  is  too  little  water  on  the  way  ends  the 
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Teasel  is  liable  to  tilt  as  aooii  as  lier  centre  of  gravity  gets  over  the  way 
ends,  and  l)eing  as  it  v/ere  pivoted  at  tliia  point,  a  gi-eat  pressure  is  put 
upon  tlie  bottom  of  tlie  Tesael,  caiiaing  undue  local  strains,  whicli  might 
possibly  force  in  tbe  Ixittom  pluting,  frames,  ett,,  in  these  vessels  whicli 
are  not  bo  strongiy  constructed  locally  aa  ordinary  mevebant  veJsels,  or 
the  ways  might  give  way  here,  and  tlien  the  vessel  would  be  left  to  slide 
oS  the  remainder  of  this  distaucc  on  her  ktjul.  To  guard  against  this 
danger  it  is  desirable  to  aacertain  by  calculations  and  diagrums  if  the 
form  of  the  ways  is  such  that  the  vessel  may  be  launched  without  fear 
of  tilting. 

Before  going  into  an  annlysis  of  the  data  given  in  the  table  of 
iauDchiiig  partictilars,  it  may  be  welt  to  trace  the  movemenU  of  a  vessel, 
from  the  time  when  she  first  commeucea  t<>  move  until  she  is  afloat. 
The  time  that  a  vessel  takes  to  travel  down  the  ways  may  be  divided  into 
two  periods,  the  first  lasts  while  she  is  bearing  entirely  on  the  ways,  and 
the  second  when  the  stem  is  afloat,  and  the  fore  end  of  the  ship  is  bear- 
ing on  tbe  fore  end  of  the  sliding  irays.  To  show  when  the  change  takes 
place  between  these  two  [leriods,  we  will  take  for  an  eiample  the  vessel 
illustrated  in  Plate  2h,  Fig.  I,  where  she  is  shown  in  three  [loaitions, 
namely,  A  the  commencement  of  the  first  period,  B  the  change  between 
the  two  periods,  and  C  the  end  of  the  second  period  respectively,  thus 
showing  the  relative  lengths  of  the  periods. 

We  now  come  to-the  curves  illustrating  the  \'aiyiug  conditions  during 
the  whole  of  both  periods,  which  are  given  on  Plate  ib,  Fig.  2.  Tlieao  are 
constructed  aa  follows : — A  base  line  is  first  drawn  the  measurements  along 
which  represent  distances  travelled  by  Che  ship  dowu  the  ways,  the  total 
length  being  in  this  instance  i^Ti?  tcet.  The  line  A  A.  drawn  parallel  to 
tbe  base,  represeuta  tbe  moment  of  the  shi])  about  tiie  fore  end  of  the 
sliding  ways.  In  this  example,  the  ship's  weight  is  6(ih  tons,  which  beiug 
multiplied  by  S)7'2.'j  feet,  the  diatanc«  of  ita  centre  of  gravity  fmm  the 
fore  end  of  the  aliding  ways  ^  84,121  loot  tona.  The  linoyancy 
momenta  about  the  same  iwint  ai-e  represented  by  tbe  curve  B.  The 
position  of  intersection  of  this  curve  with  the  Hue  A  A  indicates  where 
the  vessel  will  l>e  when  her  stern  commences  to  float  aft.  At  this  point 
the  first  period  ends  and  the  second  commences,  whicli,  in  the  eiamplo 
before  us,  is  when  the  vessel  has  travelled  208  feel  G  inches  down  the 
ways.  Although  ihia  is  the  point  where  the  moments  of  buoyancy  and 
weight  about  the  fore  end  of  the  sliding  ways  become  equal,  the  vessel's 
Gt«m  does  not  actually  lift  until  she  has  moved  a  few  feet  beyond  this, 
because  au  additional  amount  of  displacement  is  ie<iuired  to  overcome  the 
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vertical  component  of  the  ship's  momentum.  ObaervatiooB  of  the  dip  of  the 
Tesael's  heel  have  proved  that  this  additional  diaplaccmeut  is  so  trifling, 
that  a  complete  inveetigdtiou  of  its  amount  is  unnecessary  for  ordinary 
piirpoaes.  The  displacements  of  the  vessel  throuRhout  the  first  period 
are  shown  by  tlie  curve  Di,  and  for  the  second  period  by  the  curve  D,. 
During  the  second  perio<l,  the  after  end  of  the  vessel  b(;ing  afloat  and  the 
fore  end  resting  on  the  fore  end  of  the  sliding  ways,  it  is  evident  that 
the  buoyiincj  moment  about  that  point  will  remain  the  same  as  the 
weight  moment  all  throughout  this  ]ieriod.  T!ie  displacement,  of  coui-se. 
increases  as  the  vessel  moves  down  the  ways,  but  the  gradual  lifting  of 
the  stern  and  lowering  of  the  l>ows  brings  the  centre  of  buoyancy  further 
forward,  and  so  reduces  the  leverage  while  the  displacement  is  inereasing, 
thus  retaining  practically  a  constant  moment.  The  distance  (hut  the  line 
0  C  is  above  tlie  base  represents  the  weiglit  of  the  ship,  the  weight  on  the 
fore  end  of  tlie  sliding  ways  being  proportional  to  the  distance  between 
this  line  and  the  cnrve  of  displacement  ]),.  This  weight  is  225  tons  at 
the  begiiming  of  tlie  period,  and  is  reduced  to  ll.'j  tons  at  the  end.  It 
is,  theitfore,  important  that  the  fore  end  of  the  cnidle  should  he  made 
fiulfieiently  strong  to  carry  tlie  load  which  is  thus  put  uixm  it.  It  will  be 
seen,  then,  that  it  ia  desirable  to  reduce  the  duration  of  the  second  period 
as  much  as  practicable,  for  since  the  longer  it  is,  the  greater  the  weight 
will  be  on  the  fore  end  of  the  sliding  ways,  which,  iu  the  case  of  heavy 
vessels,  renders  them  liable  to  oome  down  on  the  ground  and  damage 
their  fore  ends. 

In  considering  the  subject  of  tipping  we  take  the  moments  about 
the  end  of  the  standing  ways,  and  as  long  as  the  buoyancy  moment 
remains  in  excess  of  the  weight  moment  about  this  point  tliere  is  no 
fear  of  the  stern  tilting  ;  but  if  in  any  position  the  former  moment  falls 
short  of  the  latter  it  ia  evident  that,  in  order  to  restore  equilibrium,  the 
stern  will  drop  and  thus  increase  the  displacement  until  both  momenta 
become  etjuul.  Tipping,  of  coui-se,  if  occurring  at  all,  must  take  place 
after  the  centre  of  gravity  of  the  ship  has  passed  the  end  of  the  standing 
ways  and  before  the  commencement  of  the  second  period.  In  the  vessel 
now  before  us  the  centre  of  gravity  passes  the  way  ends  when  she  has 
moved  a  distance  of  174  feet.  From  aliout  this  point  to  a  little  beyond 
the  end  of  the  first  period  the  buoyancy  and  weight  moments  about  the 
end  of  the  sUmding  ways  are  calculated  at  several  intervals,  at  each 
interval  the  latter  moment  being  deducted  from  the  former  gives  the 
moments  against  tipping ;  these  raomenfs  are  shown  by  the  curve  B. 
If  this  curve  at  any  part  was  to  run  below  the  base  line  it  would  show 
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that  the  vessel  will  tilt.  The  point  where  Uiis  curre  ta  nearest  to  the 
baae  line  gives  the  position  of  the  vesBel  when  ahe  has  least  longitndinal 
stahility,  which  ia  this  cose  is  when  the  vessel  has  travelled  down  the 
waja  a  distance  of  189  feet,  the  minimum  margin  aguiiiat  tipping  being 
9,700  foot  tooa.  It  is  desirable  that  this  margin  should  not  be  too 
small,  for  in  certain  vessels  where  this  wa«  the  case  they  actually  did 
tilt  alightly,  which  shows  that  a  moderate  margin  is  required  in  calcula- 
tion to  allow  for  the  error  introduc«d  by  treating,  as  it  is  convenient  fco 
do  ill  pi"ft<;tice,  theae  moments  statically  instead  of  dynamically.  In 
calculating  the  buoyancy  moments  no  account  is  taken  of  the  cradle> 
which  would  only  alter  the  reaiiltfi  slightly,  the  variations  being  on  the 
right  side  may  be  safely  ignored.  Besides  the  after  end  of  the  sliding 
ways  olten  rise  to  the  sarface  shortly  after  the  vessel  has  entered  the 
water.  In  the  diagram  a  complete  set  of  curves  have  been  given  to  fully 
illustrate  the  matter,  but  for  practical  purposes  only  that  part  of  the 
diagram  where  the  vessel  is  represented  to  he  moving  from  the  position 
where  the  centre  of  gravity  Is  at  the  way  ends  to  the  cud  of  the  first 
period  is  required.  This  portion  is  shown  aeparate  on  Plate  25,  Fig.  3, 
where  the  measurements  along  the  base  line  represent  distances  that  Che 
middle  of  the  vessel  is  from  the  way  ends  instead  of  distances  travelled 
from  the  first  start. 

As  the  minimum  moment  against  tipping  is  a  very  important  thing, 
it  will  be  useful  to  know  what  variation  will  be  made  in  ita  amount  by 
any  alteration  to  the  length  and  form  of  the  atandlng  ways  of  this  veasel. 
This  will  lie  as  follows: — Lengthening  the  standing  ways  10  feet 
increases  this  moment  from  t),Tuu  to  li!,700  foot  tons  ;  shortening  the 
ways  10  feet  decreases  the  moment  t«  5,300  foot  tons  ;  increasing  tho 
camber  from  1:2  to  18  inches  has  the  effect  of  bringing  the  moment  up  to 
14,500  foot  tons,  and  by  decreasing  the  cainlier  to  (i  inches  the  moment 
IB  reduced  to  4,000  foot  tons. 

If  with  a  certain  declivity  of  ways  for  the  launching  of  a  vessel  it  is 
found  by  calculation  that  she  will  tilt,  the  standing  ways  must  be  extended 
further  out  into  the  water,  or,  if  this  cannot  conveniently  lie  done,  their 
outer  ends  must  be  lowered,  or  Iwllast  put  into  the  fore  end  of  the  vessel. 
The  first  two  methofls  increases  the  buoyancy  moment  about  the  end  of 
the  standing  ways,  and  the  third  one  decreases  the  weight  moment  about 
the  same  point. 

Having  investigated  the  successful  launch  of  the  vessel  on  Plate  25, 
Fig.  1,  we  will  take  as  an  example  of  an  uiisuccessrul  launch  the  steamer 
M  on  the  table  of  particulars  of  launches.     This  vessel  having  to  be  lowed 
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to  another  port  to  receive  her  machinery  hzd  over  600  tons  of  water  ballast 
on  board  so  that  she  wonld  be  ready  to  proceed  lo  sea  immediately  after 
being  launched.  The  weight  of  the  Teasel  in  tliis  condition  was  1,750 
tons,  and  there  was  barely  2  feet  of  water  on  the  end  of  the  ways.  When 
the  dog-ahorea  were  knocked  down  she  started  off  immediateiy,  and  being 
very  lieavy  travelled  down  the  ways  at  a  great  speed  until  her  centre  of 
grarity  got  past  the  way  ends,  when  her  stern  dipped  to  sueh  an  extent 
that  the  ways  were  liroken  by  the  gi'eat  weight  put  upon  them  at  this 
point,  and  the  vessel  had  to  slide  off  the  remainder  of  t!ie  diataiice  on 
her  keel.  The  bottom  phiting  amidships  was  buckled  and  a  pillar  in  the 
boiler  space  was  bent,  but  not  making  nny  water  she  proceeded  on  her 
voyage.  In  order  to  hare  lauuched  this  vessel  safely  with  all  this  ballast 
on  board  the  ways  would  require  to  have  been  extended  alwut  50  feet 
further  out,  which  wonld  give  ;)  feet  more  water  over  their  ends  than 
there  actually  was.  Had  she  been  launched  with  ber  ballast  tanks  empty 
there  would  not  ha\-e  been  Biifliuieut  water  by  several  iiickcB  to  prevent 
her  tilting  ;  however,  by  filling  tbe  fore  peak  only  with  water  she  conld 
have  been  launched  without  fear  of  tilting. 

In  the  table  of  lamicbing  particulars,  page  154,  wOl  be  found  the 
lauuohing  data  of  twelve  vessels  of  various  sizes,  the  launching  displace- 
ments varying  from  2,850  tons  down  to  215  tons.  The  length,  breadth,  and 
area  of  the  shding  ways  are  given  and  the  mean  pressure  per  wjnare  foot 
on  the  sliding  ways.  This  pressure  varies  from  2-C3  tons  in  the  vessel  M, 
whicli  was  luniiebcd  with  a  large  i]naiitity  of  water  ballast  on  bfiard,  lo 
■57  tuns  iii  tbe  light  jMiUdle  steamer  K.  In  this  table  will  Ije  found  the 
lengths  in  feet  of  both  periods,  also  the  ratio  of  tbe  length  of  the  second 
period  to  tlie  length  of  the  sliding  ways,  which  ratio  varies  from  28  to  50 
per  cent.,  the  lowest  [lerecntage  occurring  in  the  cases  where  the  moment 
against  tipping  is  compatutively  small,  and  the  highest  where  this  moment 
is  lai^.  All  the  vessels,  with  the  exception  of  tbe  two  designated  L  and 
M,  went  off  without  tipping,  the  margin  of  safety  in  foot  tons  varying 
from  80,000  down  to  5,50u.  The  vessel  A,  which  is  a  heavy  war  ship,  if 
allowed  to  tip,  would  very  puibably  have  damaged  herself  ;  and  in  order 
to  obt&ia  the  comparatively  small  margin  against  tipping  of  liJ,500  foot 
tons  the  ways  had  to  be  run  out  as  far  us  possible  and  their  ends  kept 
down  very  low,  causing  the  declivity  at  this  point  to  be  very  steep, 
nnmely,  1 J  inches  \«r  toot.  The  vessel  B  was  launched  with  her  cngiuea 
and  boilers  on  board  and  bad  a  margin  against  tipping  of  0:},25(J  foot 
tons,  wluch  appears  moderate  and  shows  that  the  form  of  the  ways  was 
very  suitable  for  ber.  The  next  four  vessels  0,  D,  E,  and  F,  are  cargo 
vessels  and  each  lutving  pretty  full  lines,  jxisBese  considerable  momenta  in 
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hvouT  of  uot  tipping  i  in  fact,  iti  the  case  of  one  of  them,  had  the  water 
been  only  level  with  the  way  ends  she  would  still  have  had  eufiicieiit 
buoyancy  to  prevent  her  tilting.  The  Bteamera  G  and  H,  which  have  each 
fine  lines,  the  Bailing  veasel  J,  and  the  paddle  steamer  K,  have  all  a  very 
fair  moment  lo  ])revent  tipping,  although  not  so  large  in  proportion  as 
the  fill!  cargo  ateamcre.  The  steamer  L  is  a  I'ery  fine  lined  jjasseiiger 
vessel,  and  having  very  little  water  on  the  way  ends  for  a  vessel  of  this 
description,  the  weight  moment  did  actually  exceed  the  buoyancy 
moment ;  the  excess  howe\'er  boing  very  trifling,  the  tilting  of  the  stem 
waa  scarcely  perceptible  and  was  not  sufficient  to  do  any  harm. 

For  only  the  fiist  two  vessels  (A  and  B)  were  calculations  made  to 
determine  the  form  of  the  ways,  the  reaults  of  the  launch  in  each  case 
being  successfnl,  as  shown  by  the  table.  With  Inth  of  these  cases  it  was 
certainly  desirable  to  do  so,  as  one  vessel  was  a  heavy  war  ship  and  the 
other  was  lauiidied  with  all  her  machinery  ajid  masts  on  board.  The 
calculations  for  the  latter  vessel  showed  that  it  was  ueoessary  to  carry 
the  ways  consii!urab!y  further  onl  than  was  usually  done  for  other  large 
vessels  built  on  the  same  slip, 

From  the  data  of  the  launches  of  the  ivmainder  of  the  vessels  on  the 
table,  we  are  enabled  to  judge  of  the  diflferent  results  produced  in  launch- 
ing without  pi-eviously  asceitainiug  if  these  resnltB  would  be  suoceasful 
as  far  as  the  form  of  the  ways  and  height  of  the  water  were  concerned. 
It  shows,  theu,  that  calculations  are  uut  necessary  with  most  steamers  of 
the  ordinary  sized  cargo  type,  launched  without  raacliinery  or  ballast,  as 
there  is  little  fear  of  them  tilting,  which  is  seen  by  referring  to  the 
margins  against  tipping  that  the  vessels  marked  on  the  table  C,  D,  E,  and 
F  possessed,  which  vessels  arc  all  of  this  type.  But  vessels  with  fine  hnes, 
such  as  0,  of  course  have  not  such  large  margins  against  lipping,  and  in 
the  case  of  the  vessel  L,  which  is  very  similar  to  the  one  marked  0,  her 
stern  actually  did  tilt  as  previously  mentioned.  In  theEe  vessels  it  is 
desirable  in  some  cases  to  ascertain  by  calculation  what  would  be  the 
least  amount  of  water  that  the  vessel  could  he  launched  with,  with  any 
degree  of  safety,  in  case  tlie  tide  on  the  projKised  day  of  launching  should 
fall  short  of  what  was  expected. 

In  conclusion,  the  writer  hopes  he  has  impressed  upon  the  members  of 
this  Institution  the  desirability  of  making  launch  diagrams  before 
launching  special  types  of  vessels,  in  order  that  the  length  and  declivity 
of  the  ways  may  be  arranged,  so  as  fco  give  sufficient  buoyancy  to  prevent 
tdting,  and  thus  escape  the  [ussible  danger!)  resulting  therefrom. 
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The  President  said,  as  partly  L-onfinning  the  views  expressed  in  the 
paper,  he  would  sive  a  few  particularB  of  the  launch  of  the  large  sleamer 
which  took  place  at  liia  firm's  yard  yesterday  ;  but  nufortunately  the 
time  was  too  eboit  fliiice  the  lauuch  to  enahle  him  to  go  as  fully  into  the 
matter  us  he  would  like  to  have  done.  On  jrage  150  the  writiT  reuarkB — 
"  The  vessel's  steru  dots  not  actuully  lifl  until  she  has  rooved  a  few  feet 
beyond  this  ](oint,"  According  to  calculation  tlieir  vessel  should  have  Iift«d 
wlien  she  was  50  feet  over ;  instead  of  that  it  was  75  feet,  that  was  25 
feet  beyoud  the  calculated  point,  which  is  about  what  the  writer  of  the 
paper  would  expect.  Referring  to  the  question  of  tipping,  the  writ«r 
gave  the  tipping  moment  on  the  tabic  as  from  5,500  to  80,000.  In  their 
caso  they  had,  when  the  vessel  ivus  just  on  the  point  of  tipping,  05,000  j 
hut  ilO  feet  beyond  that  |>oint  it  was  reduced  to  80,000.  It  struck  him 
that  tiie  paper  might  have  gone  a  pood  deal  further  into  the  question, 
although  it  was  very  interesting  as  it  was.  The  writer  said  that  the 
pressure  on  the  sliding  ways  varied  from  ^  a  ton  to  2j  tons.  If  any  of 
those  wore  armour-clad  vessels  he  shonld  have  expected  them  to  have 
exceeded  that  weight  vciy  considerably,  imless  tbcy  were  launched  on 
double  ways,  and  even  then  the  actual  weight  would  probably  come  on 
the  two  outer  ways,  and  thus  jHissibly  exceed  5  tons  per  foot.  In  the 
case  of  their  vessel  yesterday  it  was  2-4,  hut  they  had  launched  vessels  bb 
far  as  6  tons  to  the  foot,  and  launched  them  safely. 

Mr.  Ullstrom  said,  it  afforded  him  great  pleasure  to  be  there  that 
evening  and  to  take  part  in  the  discussion  of  the  very  interesting  {taper 
they  had  jnflt  heard.  With  their  permission  he  would  now  lay  before 
them  some  diagrams  of  the  S.S.  "Haitcn,"  a  very  fine  and  hnjidsomc 
steHmer  built  by  Messrs.  Itaylton  Dixon  &  Co.,  of  Middlesbnrongh,  for 
the  Chinese  passenger  trade,  and  which  was  launched  a  few  weeks 
ago.  Tliia  vcwael  is  275  feet  between  perpendiculars  and  weighed 
at  the  time  Ehc  was  launched  995  tons.  The  ways  (flat)  were  14J 
inches  wide,  and  had  a  declivity  forward  of  {J  of  an  inch  per  foot 
and  13  of  an  inch  per  foot  at  the  ends,  with  a  camber  of  about  11  incliea. 
The  length  of  the  cradle  was  200  feet  or  "727  of  the  length  of  vessel. 
The  weight  on  the  ways  was  thus  2-IOG  tons  per  square  foot.  The  depth 
of  water  on  way  ends  was  3  feet.  As  the  launch  was  a  most  successful 
one,  and,  contrary  to  expectations,  the  vessel  did  not  tip  over,  the  speaker 
thought  it  would  be  of  some  interest  to  ascertain  what  kind  of  cun^ea  a 
launching  diagram  would  give,  he  therefore  calculated  the  diagram  shown 
in  Plate  26.  It  will  be  seen  that  the  diagram  is  of  the  same  kind  as 
shown  by  Sir.  Ganuaway  in  Plate  2o.    A  i't  the  moment  against  tipping,  B 
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baojADo;  moment  about  fore  end  ol'  crmlle,  C  weight  moment  of  vesaol 
about  the  same  place,  and  D  weight  on  waj-s,  which,  of  conrae,  will  be 
the  weight  of  reesel  minus  the  displacement.  Looking  at  the  can-e  A 
it  will  be  Been  that  when  ihe  vessel  arrives  at  the  critical  point — that  is, 
when  midship  is  26'  a'  over  the  way  ends— there  is  a  moment  of  2,970 
foot  tons  to  prevent  tipping.  This  margin  no  doabt  appears  small,  but 
yet  there  was  snlficipiit  to  kL-up  tlic  fore  end  of  the  vessel  in  the  cradle. 
Ag;aio,  looking  at  the  curves  marked  B  and  C,  both  representing  momenta 
acting  in  opposition  to  each  other,  it  will  be  fonnd  that  the  vessel  begins 
to  float  aft  when  midship  is  53  feet  over  the  way  ends,  and  that  the 
weight  on  the  fore  end  of  cradle  at  that  particular  juncture,  according 
to  cnn-o  D,  will  be  245  tons.  The  displacement  of  crndlo,  in  tliis 
calculation,  has  not  been  taken  into  consideration,  bnt  left  out  as  a 
margin  of  safety.  Now  as  the  moment  against  tipping  was  so  small, 
with  8  feet  of  water  on  the  ivay  ends  he  thought  it  would  be  rather 
interesting  to  see  what  effect  G  inches  less  water  would  have  had,  and  thus 
he  got  out  the  fresh  stt  of  cnn"oa  marked  A',  B',  0',  and  D'.  From 
curve  A'  it  will  be  seen  that  the  vessel  will  tilt  over  when  midship 
gets  17'  G"  over  tlie  way  ends,  and  that  the  weight  on  the  ways  or 
presanro  against  the  bottom  of  the  veesel  would  be  not  less  than  685 
tons— no  doubt  a  considerable  preHKiire,  The  greatest  deficiency  of  buoy- 
ancy moment  will  be  when  midships  gets  SO  feet  over  the  way  ends,  or 
about  1,366  foot  tons.  Theoretically  speaking  this  would  tip  the  vessel 
about  3  inches  by  the  stern,  or  lilt  the  stem  about  1^  inches ;  but 
practically  it  would  be  imperceptible,  as  it  might  reasonably  be  expected 
the  ways  would  yield  that  much  under  the  heavy  pressnre  (685  tons)  so 
Btiddcnly  concentrated  on  a  somewhat  limited  space.  This  tipping  would 
increase  the  buoyancy  moment  B'  and  decrease  the  weight  on  waj-s  T>', 
as  shown  by  the  dotted  lines.  Thy  vessel  would  float  all  when  midship 
was  60'— 6"  over  the  way  ends  (see  intersection  between  B'  and  0')  and 
throw  a  weight  on  the  cradle  forward  of  245  tons,  or  the  same  as  in  the 
previous  case.  As  the  vessel,  when  reaching  the  point  n,  hasa  certain 
momentum  due  to  lier  weight,  and  the  speed  at  which  she  travels  over 
the  ways,  the  actual  curves  of  moment  against  tipping  would  be  some- 
thing like  the  dotted  lines  shown  on  A  and  A'.  With  2'  6"  water  on 
the  way  ends  the  tipping  would  then  take  place  when  midship  had  reached 
somewhere  about  the  point  o'.  He  would  now  ask  Mr.  Gannaway  if  he 
had  made  any  observation  with  regard  to  this  point,  and  if  he  could 
give  any  idea  of  the  allowances  that  ought  to  Ik:  made.  Ue  had,  as  a 
matter  more  of  interest  than  of  any  practical  nse,  made  out  the  pressure 
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a^insb  tlie  docj-shores  to  1«  about  40  tons,  and  arrived  at  that  bj  tho 
formula — 

p  ^  W  nine  g  —  /  W  poa  8 
cosB  ' 

where  P  =  pressure  on  dog-shoreB, 
W  t=  weight  of  Toasel, 
S  =  mcnn  angle  of  declivity  of  ways  nnder  the  Teasel, 
B  =  angle  betwiHtn  ways  and  dog-shores, 
and  /  =  coefficient  of  friction  expected  to  be  between  1  and  -7. 
He  was  sorry  lie  had  not  had  sufficient  time  to  go  more  fully  into  the 
matter.     He  uow  irishcd  to  thank  Mr.  Gaunaway  very  much  for  bis 
intcrcBting  and  able  paper. 

Sir.  A.  Adajuson  said,  ho  was  snre  Ur.  Oannaway  dcaerved  all  their 
thanks  for  introducing  the  subject  of  launching  vessels.  He  did  not 
think  it  received  the  attention  it  deserved  from  a  great  many  sliipbuilders. 
He  knew,  from  his  own  experience,  that  he  always  felt  very  much  relieved 
when  lio  Baw  any  tcbhcI  lannchcd  safely  into  the  water;  at  the  game 
time,  of  the  vessels  he  had  seen  lannchcd,  and  which  now  numbered 
between  four  and  five  hundre<l,  hn  conid  only  remember  three  or  fonr 
serious  mishaps,  and  they,  if  ho  remembered  rightly,  were  caused,  as 
mentioned  by  Mr.  Gannaway,  cither  from  tipping  or  from  the  vcBstl 
lifting  aft  and  the  weight  coming  on  the  fore  end  of  the  ways.  He  would 
like  to  ask  the  President  if  he  was  not  in  error  in  sajing  that  they  had 
launched  vessels  with  ox  much  weight  as  sis  tons  to  tho  foot  on  the  ways, 
as  that  was  exactly  double  of  what  was  given  by  the  best  anthorities  ? 

The  Pbesidejjt  said,  he  thought  they  might  take  that  as  correct. 

Mr.  Abamson,  continuing,  soid,  that  in  a  very  large  merchant  vessel, 
5ti0  feet  long,  whose  launching  weight  was,  if  he  rumcmlicred  rightly, 
4,G00  tons,  the  weight  per  squnro  loot  on  the  cradle  was  about  2|  tona, 
but,  through  some  error  on  tlio  part  of  the  foreman  shipwright,  tho 
ground  ways  were  not  a  perfectly  fair  cunrc ;  they  were  laid  to  a  camber, 
but  which  was  not  the  same  from  top  to  bottom,  therefore  when  the  vessel 
moved  down  tho  ways  the  cradle  did  not  fit  the  ground  ways,  and  the 
whole  weight  of  the  vessel  was  thrown  upon  the  middle  of  the  cradle ;  this 
weight,  as  nearly  as  they  could  make  out,  somewhat  exceeded  three  tons 
per  foot,  and  was  snfficieut  to  bring  the  vessel  to  a  standstill  after  she  had 
run  about  280  feet. 

The  President  asked  if  that  was  owing  to  the  wrong  camber  ? 

Mr.  .\nAMRON  said  he  thought  not ;  it  was  a  very  common  practice, 
although  entirely  wrong,  to  iuci'ease  Ihe  Ciiniber  on  tho  ways  at  the  lower 
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end,  and  the  sliipe,  if  there  wns  not  too  mucli  nx-igbt  on  the  ways,  gob 
off,  B8  n  rnie,  all  right.  The  case  he  mentioned,  however,  was  an  ex- 
ceptional one  altogether,  the  weight  on  the  waya  being  bo  much  to  start 
nith  could  not  bo  increased  without  diingcr ;  the  vesaul  was  put  off  buc- 
cesBrully  two  days  afterwards  with  a  weight  of  rather  less  than  tbi-ce  tons. 
This  increase  over  the  original  weight  Wiia  owing  to  the  bearing  sniTnce 
being  leas  on  account  of  the  after  length  of  the  cradle  being  over  the  end  of 
the  ground  ways  when  the  vessel  stopped.  This  hud  to  be  left  out  in 
relaying  the  ways.  They  were  laid  the  second  time  without  any  camber, 
the  upper  snrface  being  exactly  a  straight  line.  The  cause  of  the  stoppage 
was  put  down  at  the  time  to  the  onfair  camber  throwing  too  much  weight 
on  the  middle  of  the  ways.  One  of  the  other  inslanoes  was  the  ease 
of  a  war  vessel  through  tipping.  When  the  time  for  lauuchiug  the  ship 
arrived,  it  was  found  that  there  was  a  deficiency  of  abont  a  foot  in  the 
water  necessary  for  a  safe  launch ;  however,  it  waB  determined  to  go  on, 
and  the  launch  was  beautiful.  She  went  off  apjwrently  all  right  and 
very  quickly,  there  was  no  sign  of  tipping;  however,  when  the  ship  was 
examined  inside  it  was  found  that  three  or  four  longitudinals  were 
cracked,  showing  that  the  vessel  must  have  got  a  nip  in  coming  off  the 
ways.  The  damage  was  not  very  eerious  as  the  outside  skin  wna  not 
injni-ed.  If  this  veBsel  had  uot  gone  off  bo  quickly  probably  the  injury 
would  have  been  much  more  serious.  Another  instance  that  he  re- 
memk'red,  and  these  were  the  only  three  accidents  that  were  of  any  con- 
sequence, was  from  the  opposite  cause,  the  lifting  of  the  stem.  It  was 
in  the  case  of  n  steamer  for  river  service  in  China,  300  feet  long,  50  feet 
beam,  and  very  shallow,  drawing  only  5  fret  of  water.  When  she  was 
lannchcd  there  was  too  much  water  [  she  lifted  aft  and  cracked  two  or 
three  frames,  they  were  under  water  and  it  was  not  noticed ;  it  was,  how- 
ever, curiously  enough,  one  of  the  principal  causes  of  that  ship  being 
wrecked.  She  had  her  engines  fitted  in,  and  was  to  steam  out  to  China. 
When  she  got  to  the  south  of  Ireland  it  was  rather  heavy  weather.  The 
captain  and  officers  became  alarmed  at  the  working  of  the  vessel,  and  went 
down  to  the  fore  hold,  where  they  saw  the  cracked  frames,  and  the  thell 
dented  in  one  or  two  inches ;  they  thought  the  ship  was  going  to  pieces, 
so  they  put  back  for  the  Clyde,  and  encountering  a  terrific  storm,  were 
wrecked  at  the  entrance  to  Ardrossan  Harbour.  These  were  almost  the 
only  instances  of  mischance  at  lanncbes  which  bad  come  under  his  obser- 
vation ;  perhaps  some  of  the  other  members  eonld  add  to  the  list. 

The  PnEsiDE.VT  asked  if  the  large  vessel  which  Mr.  Adamson  had 
referred  to  was  lannchLd  with  flat  or  hollow  ways  ? 
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Mr.  AuAMWK  suit],  thej  were  all  tlal  ways.  In  connectioa  with  tbe 
weight  per  foot,  Mr.  Adumson  snid,  he  might  mention  th.it  with  the 
exception  of  the  very  large  vessel  all  the  other  weights  were  ander 
2]  tons.  He  had  never  heard  of  an  ironclad  Jwing  lanndied  with  any- 
thing approaching  .1  tons  on  either  double  or  single  ways.  If  there  was 
not  sufficient  surface  on  the  single  ways,  another  could  lie  laid  alongside 
to  TLduee  the  weight  per  foot, 

Mr.  Macoli.  said,  they  had  had  a  very  interesting  paper  on  a  very 
interesting  subject,  and  one,  like  most  subjects  connected  with  shipe, 
which  was  callable  of  being  consiiicred  in  a  variety  of  ways.  From  the 
time  the  vessel  started  until  she  was  in  the  water  she  was  to  all  intents  and 
puriKises  a  falling  body  ;  and  the  problem  was,  to  let  her  fall  gently  into 
the  water,  being  safely  land-lwrne  until  she  was  safely  water-home,  and 
after  getting  afloat,  to  be  brought  up.  Each  district  had  its  own  way 
of  working.  In  one  district  they  fonnd  all  flat  ways,  and  in  another 
all  round  or  hollow  ways.  When  with  hollow  ways  a  larger  carrying 
surface  was  wanted  an  additional  number  of  ways  was  added,  ao  as 
to  increase  the  Ixiaring  surface,  while  with  flat  ways  it  was  simply  a 
question  of  adding  moi'e  width,  and  i  t  was  usually  reckoned  siifer  to  lannch 
only  on  one  pair  of  ways.  Most  large  vessels,  ironclads  and  others,  built 
in  Government  yards  were  launched  on  flat  ways,  and  they  had  very  few 
mishaps  with  them ;  bnt  there  was  one  matter  to  which  they  required  to 
give  atteniion,  and  that  was  a  great  deal  of  internal  slrutting  and  stiU'cn- 
ing  in  the  lino  of  the  ways.  The  shell  plating  by  itjielf  was  too  weak  to 
carry  the  weight  eoncentrated  on  the  ways  in  launching,  and  it  was  quite 
usual  to  fit  stmts,  chocks,  or  shores  from  the  shell  to  the  inner  bottom,  and 
then  continue  and  distribute  the  strain  to  a  strong  deck  above  by  shores. 
He  knew  of  two  or  three  cases  of  long  vessels  being  indented  at  the  fore 
end  of  the  ways,  the  shell  plating  not  being  able  to  sustain  the  strniu 
brought  on  the  fore  end  by  the  vessel  getting  afloat  and  lifting  aft.  In  one 
case  the  ways  had  been  fitted  some  weeks  before  the  date  of  lannch,  and 
shortly  before  launching  were  taken  out  to  be  greased,  and  while  being 
fitted  in  again,  by  some  means  the  fore  poppets  or  shores  got  off  the  frames, 
resting  only  on  the  plating,  with  the  result  that  at  the  fore  cud  of  the  ways 
the  plating  was  indented  for  several  feet  in  the  way  of  the  shores.  No 
appearance  of  damage  was  observed  at  the  time,  and  it  was  only  after  the 
vessel  was  docked  the  damage  was  discovered.  As  to  the  remark  of  the 
writer  of  the  paper  to  the  effect  that  if  the  tide  was  high  there  was  a 
greater  weight  thrown  on  the  fore  part  of  the  ways,  he  did  not  quite  see 
that  it  made  any  material  difference  on  the  total  weight  carried  by  the 
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foi'u  half  of  the  ways.  Certainly,  a  greater  depth  of  water  on  the  Wtty 
ends  would  bring  the  weight  soouer  on  the  fore  end,  and  would  intensify 
the  weight  on  the  extreme  fore  end  just  before  dipping,  hut  he  did  not 
think  the  actaai  or  groBS  weight  forward  waa  much  altera].  Another 
qaeslion  which  occiirriid  to  him  was  the  effect  on  the  stability  of  a  launch- 
ing vessel  having  the  fore  peak  full  of  water,  especially  when  associated  with 
^eat  depth  in  proi>ortion  to  beam,  nnd  possibly  a  large  uraount  of  top- 
hamper  on  deck.  The  centre  of  gravity  of  the  water  in  the  fore  peak 
tank  would  likely  be  considerably  above  the  centre  of  gravity  of  the  hull, 
and  it  might  happen  the  ways  wunlJ  come  out  on  the  one  aide  of  the 
vessel,  and  so  give  her  it  list,  and  this  could  easily  be  esa^erated  by  the 
checks  used  for  stopping  tlie  veBseS's  way.  Another  matter  was  bad 
tallow,  which  had  been  instrumental  in  causing  some  unsiicceasful 
launches.  As  to  the  weight  per  foot,  he  might  say  the  greatest  he  had 
pereonal  knowledge  of  was  fully  4  tons.  The  vessel  was  launched  with 
engines  and  boilers  on  board.  The  result  was  by  no  means  oncouniging, 
and  certainly  indicated  the  necessity  of  having  considerably  less  weight, 
oTjier  contra  more  Burface  of  wap. 

Mr.  Stirzaker  espreased  himself  greatly  pleased  that  the  necessity 
of  calcniation  had  been  urged  upon  tiiem  with  regard  to  the  lannohjng 
of  ships.  It  was  only  of  late  yoara  that  any  kiud  of  calculation  was 
considered  of  consequence  by  the  majority  of  Bhipbuilders.  He  ol>scr\-ed 
that  the  paper  treated  of  only  one  feature  of  ship  lannching,  namely, 
the  tendency  of  the  ship  to  tip  as  she  leaves  the  ways.  He  thought 
it  would  have  been  instructive  if  Mr.  Gannaway  had  touched 
upon  some  other  points,  such  as  the  amount  of  energy  required  to  cause 
a  vessel  to  take  the  water,  nnd  the  various  methods  of  absorbing  the 
surplus  energy  developed  by  the  lannching  of  heavy  ships,  such  as  armour- 
clads.  Ue  had  seen  a  small  ship  launched  from  a  famous  shipbuilding 
yard,  where  only  the  largest  class  of  vessels  was  usually  built,  brought  up 
by  the  resistance  of  the  water  before  she  was  half  off  the  ways,  because  the 
energy  stored  up  in  her  was  not  snfflciont  to  carry  her  in.  This  proved, 
that  even  in  that  yard,  the  "  rule  of  thumb"  was  largely  worked  to. 

Mr,  T,  MrLTAR  said,  he  should  have  liked  very  much  if  some  of  the 
older  members  connected  with  shipbuildiug  had  given  them  the  benefit  of 
their  experience  in  the  launching  of  vessels.  He  thought  Mr.  Gannaway 
desen'ed  their  warmest  thanks  for  bringing  such  an  interesting  subject 
before  ihem.  Although  it  was  not  necessary  to  work  out  calculations 
and  make  diagrams  fur  the  launching  of  every  vessel,  still  the  working 
out  of  these  calculutions,  eto.,  ought  to  be  looked  upon  as  ordinary  office 
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work,  which  miwlit  have  to  be  taken  up  at  any  tirae.  After  the  very  clear 
and  able  way  in  which  Mr.  Gannaway  had  explained  the  method  of 
getting  out  particulara  for  laying  off  the  necessary  dingmmB,  he  had 
no  doubt  Bomc  of  t!ie  younger  members  would  feel  iutercatcd  enough  in 
the  matter  to  ^  iuto  it  fully.  Mr,  Siiejihcrd,  a  member  of  the  Inatitalion 
of  NaTuI  Arciiitects,  who  read  a  very  interesting  paper  before  that 
society  in  1877  on  the  launching  of  ships,  outlined  the  method  which 
bad  beeu  fully  explained  to  them  ibat  night.  One  or  two  of  the  speakers 
found  fault  with  the  author  for  not  making  hia  paper  a  little  longer  and 
going  more  fully  into  the  subject  of  launching,  but  he  stated  at  the 
beginning  of  hia  paper  that  "Iiis  maiu  object  was  to  deal  with  tho  form 
of  launching  ways,"  and  he  thought  be  acted  wisely  in  only  dealing  with 
one  part  of  a  subject,  which  had  not,  and  even  yet  did  not,  receive  that 
full  i-onsideration  whieb  was  ita  due.  No  donbt  as  years  went  on  it  wonid 
receive  the  attention  it  deserved.  Very  few  papera  had  beeu  written  on 
that  very  interesting  subject,  be  could  only  find  record  of  three  having 
been  read  before  the  members  of  the  Institution  of  Naval  Architecta 
beaiing  directly  on  the  lunnching  of  Bhipa.  One  was  the  paper  already 
referred  to,  and  there  were  one  or  two  points  brouglit  out  in  that  paper 
which,  if  not  fully  considered,  would  upset  the  most  careful  calculations 
which  eonld  be  made.  There  was  the  natnre  of  the  ground  to  take  into 
account,  so  that  there  would  be  no  danger  of  it  giving  way  when  the  lull 
weight  of  the  vessel  came  on  the  launching  ways  alter  the  keel  blocks 
were  knocked  out — the  weight  which  ordinary  ground  would  bear  being 
1  to  I^  tons,  and  good  ground  3  to  3|  tons.  One  of  the  reasons  for 
cambering  the  waja  was  to  make  allowance  for  any  sinking  which  might 
take  place  in  the  ground  during  the  passage  of  tho  vessel  to  the  vratcr. 
Regarding  the  weight  per  square  foot  on  the  sliding  ways,  the  highest 
record  he  could  find  was  of  a  war  vessel  which  was  a  little  over  3  tons. 
In  general  practice,  and  in  the  majority  of  shipbuilding  yards,  he  did  not 
think  that  it  was  very  much  over  2J  tons  per  square  foot.  He  was  sur- 
prised when  the  President  informed  them  he  had  ventured  as  far  as  6  tons 
per  square  foot.  He  should  liked  tu  have  seen  a  sample  of  the  tallow  used, 
and  know  what  time  of  the  year  the  launch  took  place.  He  quite  agreed 
with  the  author  of  the  paper  that  the  duration  of  the  second  period 
should  be  made  aa  short  as  [loseible,  thereby  decreasing  the  velocity  of  the 
vessel  on  leaving  tlie  ways,  and  lessening  the  strain  thrown  uiwn  the 
checking  chains  and  anchors,  a  most  important  consideration  in  launching 
in  rivers  such  as  the  Tyne  and  Wear,  where  the  run  is  limited.  The 
weight  thrown  on  the  cradle  during  the  second  period  was  very  easily 
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nrrivcd  at,  aiid  could  be  allnwed  for  in  the  making  tip.  One  of  the 
previous  speakers  mentioned  about  a  vesEel  having  beeu  indented  by  the 
pressore  of  the  forward  waja  on  the  bowa.  No  doubt  tliat  would  have 
been  prevented  by  shoring  had  there  been  any  reason  to  suppose  thci-e 
was  danger  of  that  taking  place,  Mr.  MucoU  Biwke  iibont  the  effect 
which  filling  tlie  fore  peak  tank  would  havG  on  the  stability.  He  did  not 
thint  that  it  had  any  effect  beyond  shifting  the  centre  of  gravity  of  the 
whole  weight  forward,  and  bo  increasing  the  positive  tipping  momcutB, 
The  writer  of  the  \ia\KT  showed  very  clearly  the  effect  which  lengthening 
or  shortening  tlie  ways  and  iucreasing  or  reducing  the  cnmbcr  bad  on 
the  tipping  moments.  It  would  be  interesting  to  know  the  proper  pev- 
centagc  which  the  ratio  of  the  length  of  the  second  period  should  hoar 
to  the  length  of  the  sliding  ways. 

Mr.  Sandison  said,  as  they  wei'e  on  the  Wear  that  night,  perhaps 
some  of  the  local  shipbuilders  would  give  their  experience  with  broadside 
lannchiug.  It  was  a  auhject  which  Mr.  Oannaway  had  not  touched  upon, 
and  he  understood  it  was  somewhat  in  vogue  on  that  river. 

The  Pkesidekt  said,  in  reply  to  a  previous  speaker,  the  four  ships 
whioh  he  referred  to  were  all  lannebed  in  the  winter  months.  He  did  not 
think  there  was  much  tallow  left,  for  the  ways  were  partly  burnt ;  how- 
ever, tbey  were  launched  and  laimched  safely. 

Mr.  Gansaway  in  reply  said,  that  regarding  the  President's  remarks 
about  the  point  where  the  stem  commences  to  lift,  he  had  found  that 
veseels  travelled  about  10  to  2(1  feet,  according  to  size,  beyond  the  point 
where  buoyancy  and  weiglit  moments  were  both  equal  before  tbeir  stems 
commenced  to  lift.  This  distance  in  the  vessel  A  on  the  table  (page  1!A) 
was  12  feet,  and  in  the  vcsael  B  18  feet.  The  distance  of  25  feet  travelled 
by  the  \eKael  alluded  to  liy  the  President  does  not  appear  out  of  the  way 
considering  her  great  leugtli.  The  minimum  moment  against  tipping  of 
80,000  foot-ti'DS  in  the  same  vessel  is  exactly  the  amount  possessed  by 
the  vessel  0  in  the  table,  which  vessel  is  of  a  similar  type,  although  not 
ijnite  so  large.  The  only  armoured  vessel  on  the  table  is  the  one  marked 
A,  which  vessel  was  launched  on  double  ways,  the  weight  per  sijnare  foot 
on  the  ways  being  exactly  2  tons.  He  had  heard  of  a  weight  of  3  tons 
per  square  foot  in  the  case  of  large  ircuclads,  but  bad  not  heard  of 
anything  so  high  as  6  tons  before.  The  launch  diagram  prepared  by 
Mr.  Ullstrom  shows  that  this  vessel  had  only  just  enough  water  over  the 
ways  to  prevent  tipping.  It  is  not  an  unusual  thing  for  vessels  to  tip 
sHghtly  when  leaving  the  ways,  and  as  the  tipping  moment  is  generally 
very  small,  no  barm  results  from  it.     The  damage  received  by  the  war 
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renel  nfemi  to  t^  Mr.  Adanuon  is  an  exampJe,  boverer,  of  Uh  ri^ 
run  in  allowing  heavy  reeBeia  to  tilt.  He  bad  nerer  made  anj-  ofaaem- 
tiooi  with  r^Hrd  to  the  actual  tipping  point  refcired  to  b;  itr.  dbtmiL 
Mr.  Adaouon  in  hia  remarks  gave  ns  an  acooont  of  all  the  hmiJh|W 
Hat  had  occurred  in  the  great  onmber  of  laoncbes  that  be  had  witncned, 
and,  it  is  singuliu-  to  note,  that  eat^  of  these  miabape  were  attributed 
either  to  the  form  of  the  ways  or  ihc  height  of  the  water.  In  one  case 
there  was  not  enough  wat«r,  in  another  there  «as  too  mncb,  and  in  the 
third  veflBel  the  wa^H  did  not  form  a  trae  arc  of  a  drcle.  In  replj  to 
Hr.  JIacoII'a  remarks  abnat  the  weight  nt  the  fore  end  of  the  slidii^ 
ways  at  the  beginning  of  the  second  period,  this  weight  does  r^nain 
about  the  same  with  any  depth  of  water  over  the  way  ends  with  the 
same  form  of  ways ;  but  with  a  certain  depth  of  water,  if  the  second 
period  is  lengthened  by  means  of  increasing  the  camlwr  of  the  ways, 
then  bcith  tlie  length  of  this  perir-d  and  also  the  weight  at  the  fore  end 
of  the  sliding  ways  nt  the  commeaceniont  of  the  same  period  are  increased. 
For  an  example,  take  the  vessel  on  Plate  S5,  Fig.  1.  By  increusing  the 
camber  of  the  ways  from  12  to  18  inches,  the  length  of  the  second  period 
is  increased  from  32^  per  cent,  to  40  per  cent,  of  the  length  of  the 
sliding  ways,  and  the  weight  at  the  fore  end  of  the  sliding  ways  increased 
from  225  to  250  tons.  As  to  the  effect  on  the  stability  of  a  vessel 
by  filling  the  fore  peak  with  water,  in  order  to  decrease  the  weight 
moment  about  the  fore  end  of  the  sliding  ways,  tlie  paper  does  not  refer 
to  water  ballast  in  the  fore  peak,  but  says  ballast  may  be  put  into  the  fore 
end  of  the  vessel.  In  the  case  of  the  vessel  M  on  the  table,  which  is 
referred  to  in  the  paper,  the  filling  of  her  fore  peak  with  water  would  not 
have  mode  any  imrceptiblc  dilferenee  in  her  stability.  Regarding  the 
ppipcr  ratio  of  length  of  second  period  to  length  of  sliding  ways,  referred 
to  by  Mr.  Millar,  the  smaller  this  is  the  better.  It  cannot,  however,  be 
got  any  lower  than  about  25  per  cent,  without  the  vessel  tipping. 

The  PuBSiDUNT  said,  evidently  from  the  way  in  which  the  paper  had 
been  received,  it  was  a  sabject  tbut  would  bear  a  good  deal  of  writing 
about  yet,  and  he  hoped  by  next  session  tliey  would  have  another  paper 
on  the  same  subject.  At  present  Ihey  knew  very  little  nbont  it  scientiS- 
cally,  and  nniloulittHlIy  often  unwittingly  ran  very  near  the  extreme 
margin  of  safety.  He  had  great  pleasure  in  proposing  a  hearty  vote  of 
thanks  to  Mr.  Gaunaway  for   his  very  interesting  (mper. 

This  Has  carried  by  uceiuniHtioii. 
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PROCEEDINGS. 


The  following  paper  was  written  by  the  late  Mr.  Iyan  Mayor, 
who  was  killed  in  the  explosion  on  board  the  petrolenm  steamer 
"  Petriana,"  at  Birkenhead,  December  26th,  1886,  and  was 
intended  to  have  been  read  by  him  at  the  January  meeting  of 
the  Institution;  but,  owing  to  his  lamentable  and  untimely 
death,  no  meeting  was  held,  and  it  was  decided,  as  a  tribute  to 
his  memory,  that  the  paper  should  be  printed  and  issued  to 
members  as  part  of  the  Transactions  of  the  Institution. 
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TECHNICAL    EDUCATION    FOR    ENGINEERS    AND 
SHIPBUILDEES. 


Bv  Mb.  IVAN  MAVOR. 


A  QEXRRATION  ago  Britain  stood  almost  alone  among  the  nations  as  a 
mechanical  workBhop  and  eiipplied  nearly  the  whole  world  witli  mnchinery. 
Now  conditions  are  mnch  changed,  competition  is  much  keener,  tlio 
requirements  from  mechanical  men  are  more  excessive,  and  the  time 
given  for  production  is  shorter.  We  are  being  closely  pressed  in  com- 
petition by  our  neighbours,  who  wyre  formerly  our  cuBtomers,  and  who 
are  competing  in  our  own  markets  at  home  and  in  the  colonies. 

To  retain  our  position  ive  must  be  ever  on  the  alurt  to  grasp  the 
changes  continually  taking  place  in  the  world's  reqtiirementa,  to  take 
advantage  of  all  the  progress  made  in  art  and  science,  to  keep  our  wort 
ahead  of  that  of  oiu"  neighbours,  and  to  produce  cheaper  and  better 
manufactures.  The  most  potent  assistance  towards  this  end  ia  to  have 
extended  educational  facilities  for  all  engaged  in  mechanical  pursuits. 

This  has  been  so  far  agreed  upon  by  engineers  that  it  is  useless  to 
advance  arguments  here  in  favonr  of  extended  technical  education, 
including  under  this  title  all  the  specific  instruction  required  by  those 
being  trained  for  mechanical  work. 

For  a  complete  training  in  shipbuilding  or  engineering  it  ia  essential 
that  workshop  practice  go  hand  in  hand  with  instniction  in  the  principlee 
which  govern  the  practical  work. 

Let  it  Ix;  clearly  understood,  however,  that  the  teaching  of  the  principles 
must  always  be  ausiliary  to  the  Icamingof  a  trade  or  craft  by  active  work. 
It  has  always  been  the  order  of  progress  that  art  goes  first  and  afterwards 
science  1  and  it  may  safely  be  laid  down  that  it  is  accessary  first  to  ground 
in  practice  and  tlien  the  study  of  the  science  becomes  not  only  easier  but 
infinitely  more  interesting  and  instmctive. 

In  order  that  industry  may  derive  the  fullest  benefit  (rom  an  educa- 
tional system  this  latter  must  be  available  to  all  who  are  able  and  witling 
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to  work  for  it,  Bnt  to  reach  tlie  most  ])erfect  organization  It  would  seem 
that  the  edacatioDa)  Bjstcm  most  be  arranged  primarily  for  apprentices, 
the  education  of  others  being  subeidiary  to  this  consideration.  Let  it, 
however,  be  fiilly  recognised  that  facihties  should  also  be  afforded  to  those 
who  have  passed  out  of  their  apprenticeahip,  otherwise  we  would  in  a  few 
years  have  the  more  esperienced  men  crowded  out  by  yonths  who  had 
bad  superior  advantages,  a  condition  manifestly  nn&ir. 

"Under  existing  conditions  ihe  manner  in  which  most  ap]>renticcs  learn 
their  business  invariably  depends  npon  themselves,  and  in  many  establish- 
ments the  conditions  arc  very  much  against  their  ever  acquiring  a  know- 
ledge such  as  will  fit  them  to  earn  their  living.  This  applies  almost 
equally  to  those  who  enter  the  shops  and  those  who  enter  the  drawing 
offices.  In  some  places  such  a  thing  as  an  apprentice  passing  from  the 
yard  or  shop  to  the  drawing  office  is  almost  unknown,  and  in  many  places 
SQch  a  thing  haa  never  occurred.  Yonths  eutering  most  drawing  offices 
spend  several  years  doiug  office  dmdgery.  I'hese  ai-e  some  of  the  most 
valuable  years  in  their  lives,  as  they  immediately  succeed  the  period  i^ 
school  education  and  are  at  the  time  wheu  a  boy  ought  to  have  his 
faculties  quickened  by  finding  some  application  for  his  earlier  tnuuing. 
As  it  is  the  right  chord  in  many  cases  is  never  struck,  the  sympathies 
ore  not  awakened  till  years  have  [ussed  and  interests  and  habits  hare 
been  formed  which  must  be  broken  down  before  a  real  training  is  begun — 
surely  no  fit  beginning  for  those  who  are  to  carry  on  the  greatest  of  our 
national  industries  in  a  generation  during  which  conditions  will  have 
become  more  rigorous  than  now,  and  in  which  more  will  bo  required  of 
mechanicians  than  has  ever  l)eeu  called  for  in  the  past. 

What  applies  to  drawing  office  work  applies  also,  though  in  a  less 
degree,  to  the  work  of  the  shops. 

It  has  been  over  and  over  again  contended  that  we  must  establish 
technical  schools  at  which  our  artisans  can  be  taught  handicraft.  This 
haa  been  done  with  great  success  on  the  Continent,  where  much  benefit, 
has  accrued  to  some  trades,  euch  aa  wood  carving,  gilding,  and  engraving, 
from  the  instruction  given  in  technical  schools ;  but  in  these  arts  one  can 
do  nothiug  in  production  till  a  certain  amount  of  handicraft  is  Icamt,  and 
all  the  work  depends  upon  the  skill  with  which  certain  instruments  lu^ 
manipulated,  and  this  manipulation  cannot  be  satisfactorily  taught  under 
the  conditions  which  hold  in  workshops, 

In  engineering  and  shipbuilding  there  seems,  however,  no  good  reason 
for  taking  out  of  the  workshop  this,  the  most  important  part  of  technical 
tmuiiig.     Since  its  develupmeuL  aims  at  the  improi'ement  of  productiou, 
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Gludeiite  should  ulways  be  in  contact  with  actual  production  for  commi^r- 
cial  purposes,  and  where  all  the  workmen  are  made  to  feel  the  pressure  of 
ouUide  competition. 

Proposals  have  been  made  at  Bei'ei-al  colleges  (I  don't  know  in  how 
manj  they  have  been  L-airied  out)  to  make  machines  for  sale.  This  Eecms 
B  most  impractical  idea,  and  it  is  highly  improbable  that  machines  pro- 
duced iu  tliis  way  could  crer  take  a  place  in  the  market  beside  others 
maoufactured  in  the  regular  way  iu  Urge  numbers.  If  tliey  cannot  be 
produced  in  colleges  at  marketable  prices  the  attempt  mill  end  in  a  ten- 
dency towards  playing  at  engineering. 

It  is  not  claimed  that  the  existing  condition  of  apprentices  in  large 
shops  is  perfect.  Much  more  might  be  done  to  put  information  in  the 
way  of  youths,  and  more  care  should  be  taken  that  they  have  facilities 
for  learning.  In  this  connection  the  late  Professor  Fleeming  Jenkin 
made  a  most  sensible  proposal.  It  was  to  have  in  every  workshop  a 
mechanic  of  superior  skill,  whose  duty  it  would  be  to  take  charge  of  the 
instruction  of  apprentices,  aud  to  teach  them  how  to  make,  sharpen,  and 
use  their  tools.  The  present  system  generally  adopted  of  setting  one 
apprentice  to  work  with  a  journeyman  is  often  most  unsatisfactory,  and 
the  deputing  to  one  man  that  which  is  now  too  often  the  duty  of  every 
one  wonld  undoubtedly  t^nd  to  the  improvement  of  our  handicraft  and 
would  probably  repay  the  outlay  by  raising  the  standard  of  the  boys'  work. 

But  it  is  to  schools  and  colleges  that  wc  must  look  for  the  means  of 
imparting  that  knowledge  of  prineiplee  essential  for  the  successful  carry- 
ing on  of  mechanical  work.  It  has  always  been  a  veiy  vesed  question 
as  to  how  far  in  this  direction  we  should  attempt  to  go  in  toaching 
artizana.  Let  tliis  answer  be  hazarded — that  they  should  be  taught  just 
as  much  as  they  are  capable  of  absorbing.  No  man  will  do  his  work  less 
Batia&ctorily  because  he  knows  the  reasons  for  ceitain  steps  being  taken 
and  certain  processes  being  adopted.  It  appears  that  only  prejudice 
wonld  cause  obstacles  to  be  put  in  the  way  of  a  roan's  acquiring  all  the 
knowledge  possible  of  the  results  of  scientilie  research.  Facilities  ibr 
acquiring  such  knowledge  wonld  brhig  ont  the  best  ability,  much  of 
which  is  uow  occupied  with  pursuits  altogether  foreign  to  every-day 
avocations,  and  would  reflect  favourably  upon  the  mental,  moral,  and 
social  condition  of  our  artizan  classes. 

It  is  the  continual  complaint  of  teachers  that  their  students  are  not 
sufficiently  prepared  to  receive  instniction  in  pure  science ;  and  to  remedy 
OB  far  as  possible  this  very  serious  defect,  apprentices  should  attend  classes 
as  soon  as  they  start  upon  their  career,  so  that  no  time  may  be  Uisi 
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during  which  they  would  otherwise  forget  all  their  school  training. 
It  is  not  too  much  to  a&y  that  at  present  one-half  of  our  appreniriccs 
could  not,  after  the  lapse  of  two  years,  pass  their  last  school-standani 
examination. 

These  classes  for  beginning  upon  the  course  of  tediuical  study  should 
he  held  at  all  the  local  centres  of  industry,  and  might  be  arranged  for 
such  subjects  as  tlie  liigher  rules  of  arithmetic,  elementary  mathematics, 
mechanics,  practical  plane  aud  solid  goumetry,  with  applications  to  the 
hniug  ofl'  and  setting  out  of  work.  These  classes  could  bo  common  to 
cngineei's  and  shipbuilders,  aud  advantage  would  accrue  to  both  &tun 
having  some  part  of  their  instruction  carried  on  together.  This  should 
apply,  as  far  as  possible,  to  all  their  subsequent  training ;  for  shipbuUders 
are  all  the  belter  for  having  a  little  engineering  associated  with  their 
work,  and  let  us  hope  that  engineers  would  at  least  be  none  the  worse  for 
being  in  close  contact  with  shipbuilders.  The  course  of  instruction  at 
the  elementary  schools  iueludes  much  that  is  taught  iu  public  schools; 
but  it  will  be  in  the  experience  of  most  who  have  had  to  deal  with  youths 
from  school,  that  they  are  almost  always  uicapable  of  applying  the  know- 
ledge they  [WBsess,  and  in  onler  to  give  them  a  grasp  of  the  subjects  they 
must  be  taught  by  trained  mechanics,  who  know  the  duvction  to  give  to 
tlie  work  so  that  it  may  be  of  the  greatest  practical  ijenefit.  Many  lads 
would  pass  rapidly  through  this  stage  by  rcasou  of  superior  school 
education,  aud  many,  ou  the  other  hand,  would  never  get  beyond  this 
stage.  It  seems  desirable,  however,  that  all  sliould  jmss  through  the  same 
work  to  ensure  their  thorough  preparedness  for  the  more  advanced  study 
to  follow. 

The  natural  step  from  the  preparatory  local  schools  would  be  to  a 
central  school  or  college,  where  instruction  would  be  continued  in  the 
direct  lines  of  the  requirements  for  the  various  trades. 

In  oi-der  to  exercise  as  fully  as  possible  the  true  function  of  education 
a  very  great  deal  of  time  must  ]»  spent  iu  home  work,  and  no  arraoge- 
ment  will  obviate  the  ueeessitj  for  burning  the  midnight  oil  by  those  who 
would  acquire  a  thorough  knowledge  of  the  two  finest  of  human  arts. 

That  home  work  may  be  done  satisfactorily  every  evening  in  the 
week  must  be  occupied.  This  brings  us  to  one  of  two  conclusions,  viz., 
either  that  the  classes  in  the  central  school  be  taught  during  the  day,  or 
during  some  afternoons.  The  first  arrangement  does  not  appeal  to  the 
practical  mind  as  the  best,  since  it  puts  a  stop,  for  a  time  at  least,  to 
shopwork  ;  for,  besides  the  financial  question,  this  is  against  what  was 
claimed  at  first  as  an  essential  featui'e  of  te^'huical  trainiug,  ^iz.,  that  the 


Tk  iMMiiiua  mhU  ika  iMtced  is  fifirfmyifiii  of  Ibe  wmk  of 
tiw  pRpHMM7  Mtiuli,  riMNring  faHMr  tiffMtMimm  of  geomeby  to 
otdJBVT  vofc,  Oe  ^iad^k*  of  oaaMnotiaa,  aid  tfae  etiengtha  of  tlie 
rinqfcr  rtnutaro.  wiA  the  iriw  fcr  derihg  wiih  TnhMm,  ele,  the  nks 
(rf  eilaiditioa  hiia^  gmn  vilhoat  pm4wUdmiiId  eomeaftonnls 
wTim  ■  iiinn  fitfiiiVil  Vanjlnlg^r  nf  [wit  matlifiiHfiin  1ml  been  acquired. 
To  thoK  who  imni  h,  choea  AaaU  be  arailaMc  fin-  more  adranced 
nutbematicB ;  fant  aUendMiae  at  Ukw  dioiilil  not  he  br  an;  meaiiB  oom- 
pnlaory,  and  oa  much  a>  pcMifale  of  pore  and  applied  mechanics  sfaoold 
be  Unght.  withnnt  tbc  nee  of  algeVm  berond  simple  equations,  or  trigo- 
nometrr  li^Tond  the  M^ution  of  triangles,  and  certainly  all  the  mles  for 
dealing  witli  strains  and  with  menenration  could  be  tanght  without  going 
deeper  into  pnre  matlipimitics.  It  is  not  inlended  to  deprecate  the  atndy 
of  the  only  science  which  has  ever  been  called  "  pure,"  and  which  snpjilips 
a  mental  discipline  which  no  other  study  can  give  :  but  it  is  well  known 
that  many  strong,  practical,  and  nscfnl  minds  are  incapable  of  solving 
mathematical  reasoning,  and  (hey  shonld  not  on  tliis  account  be  deniutl 
the  advantage  of  all  the  training  which  can  lie  got  without  it. 

Although  not  compulsory,  the  study  of  puro  ninlhvmatics  should  ln' 
encouraged  to  the  very  fullest  extent,  ao  that  studcula  may  piiss  on  to  the 
more  didicnlt  Biibjecta  connected  wilh  design. 
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OnnWrnporaneoiiBly  with  this  more  abstract  work,  clusses  should  be 
arningt^  for  the  study  of  the  properties  and  strength  of  materials  need  in 
engineering  and  abipbnilding.  These  classes  should  be  held  in  the  evening, 
and  be  made  a^-allabie  to  all  artizatis  as  well  as  to  those  who  had  not  suc- 
ceeded in  passing  to  the  college  classes  trora  the  elementary  schools.  The 
conrse  might  inclnde  the  description  of  the  properties  of  all  the  metals 
and  timlKr  nsed  in  construction,  and  illnstrated  as  fully  as  possible  by 
tests  and  microscopical  examination. 

Following  upon  this  ground  work  should  come  the  study  of  strnctures, 
ftill  prominence  being  given  to  the  moat  practical  poiiit«.  Here  the 
engineers  and  sbiphnilders  wnnid  divide  the  applications  bearing  npon 
their  different  branches ;  and  this  study  should  include  the  careful  con- 
sideration of  all  the  machine  tools  used  for  working  wood  and  iron,  the 
principles  of  the  various  machines  being  studied  with  great  care,  for  it  is 
here  we  must  look  in  the  near  future  for  the  reduction  of  the  cost  of 
production  by  the  further  application  of  power  to  the  work  of  the  ship- 
yard. The  study  of  design  would  follow,  and  those  who  had  so  far  passed 
through  the  conrse  successftdly  would  be  taught  the  principles  of  design 
ond  be  made  to  work  out  examples  at  the  college. 

Here  care  mast  be  escrciscd  in  laying  out  the  work,  because  of  the 
very  short  time  spent  at  school  and  the  length  of  time  required  to  draw 
out  one  design ;  but  several  students  might  take  jiart  in  the  preparation 
of  each,  so  that  time  would  be  saved  and  a  greater  amount  of  work  gone 
through.  This  i«rt  of  the  coarse  could  be  made  most  interesting  to  ship- 
builders by  the  preparation  of  standard  designs  of  several  of  the  best 
known  types  of  vessels  for  nil  purposes.  The  calculations  of  the  properties 
of  tlio  vessel  being  carried  on  while  the  design  is  in  progress. 

In  order  tiiat  such  a  course  of  study  may  be  adequately  taken  advan- 
tage of  impetus  is  neceasan-.  This  impetus  must  be  supplied  by 
employers.  Apprentices  conid  have  endorsed  on  their  indentures  a  list 
of  the  classes  attended.  Drawing  office  staffs  should  be  retTaited  from 
the  ranks  of  those  who  have  successfully  passed  through  the  work  of  the 
classes. 

Present  drawing  office  training  is  woefully  deficient.  It  is  a  com- 
mon thing  to  hear  engiueering  and  shipbuilding  dignified  with  the  title 
of  professions;  but  they  are  unlike  most  professions,  inasmuch  us  any- 
one may  walk  through  a  certain  routine  nnd  after  a  few  years  call  himself 
an  "  Engineer,"  There  is  no  fear  of  everyone  bemmiug  too  highly 
educated.  There  will  always  he  a  very  large  number  wJio  prefer  enjoy- 
ment to  constant  spplication,  and  who  do  not  choose  to  "  spiim  delights 
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and  lead  Inborious  daye."  "Wliat  wc  want  are  facilities  for  those  who  are 
anxious  to  learn  their  business ;  and  to  secure  these,  employers  must  be 
prepared  to  show  considerable  elasticity. 

Having  sketched  what  BeeniH  to  lie  a  desirable  course  of  study,  let  us 
look  around  and  see  how  far  our  jireseiit  facilities  go  towiirds  meeting  the 
necessities  of  the  cose. 

We  have  not,  in  this  country  (outside  of  the  Public  Service),  the  means 
of  reg*alar  and  systcniatif  instruction  in  engineering  and  shipbuilding. 
There  are  a  host  of  classes  doing  eicellent  elementary  work  in  connection 
with  the  Science  and  Art  Department ;  but,  from  the  conditions  under 
vhich  these  classes  are  couducted,  it  is  impossible  to  do  more  thautoiich 
on  the  very  fringe  of  the  sub'Jfots  taught,  and  as  the  work  is  all  done  in 
the  evenings,  oomplete  education  in  the  higher  branches  is  out  of  the 
question. 

A  chair  of  Naval  Architecture  and  M  rine  Engineering  has  been 
fonnded  at  Glasgow  University,  and  will  doubtless  do  good  w?rk,  but 
has  not  yet  had  time  euongh  to  show  much  result. 

There  is  an  advanced  school  of  the  very  highest  order  at  the  Royal 
Naval  College,  Greenwich,  but  it  has  never  had  the  support  from  oulside 
the  Admiralty  that  its  imjwrtance  would  lead  one  to  exiiect.  The  causes 
for  this  are  not  far  to  seek.  The  course  extends  over  three  years,  during 
which  almost  uo  other  work  can  be  done.  To  benefit  by  the  instniction 
given  a  thorouj^h  knowledge  of  mathematics  is  necessary.  The  cost  of 
the  classes  and  of  living  in  linden  puts  it  quite  beyond  the  means  of 
meet  of  those  who  adopt  engineering  or  shipbuilding  as  a  means  of  live- 
lihood. Three  years  is  much  too  long  for  a  youth  to  spend  away  from 
practical  work  at  such  an  age  as  is  reached  before  the  necessary  mathe- 
matical knowledge  is  acquired. 

At  present  there  ai'e  uo  schools  in  the  provinces  in  which  a  prejmra- 
tory  training  can  be  got  similar  to  that  received  by  dockyard  apprentices 
before  going  to  Greenwich.  And  it  is  only  at  a  university  that  this  work 
tan  be  done,  thus  involving  still  further  absence  from  practical  work 
and  consequent  sacrifice  of  experience.  Efforts  have  been  made  to  induce 
private  students  to  come  forward  for  the  course  at  Greenwich ;  and,  to 
make  it  more  Bcccssilile.  free  studentships  with  bursaries  attached;  have 
been  offered  for  the  last  ten  years.  Although  these  have  been  competed 
for  they  have  never  yet  been  awarded,  and  the  inatrnction  is  reserved 
for  those  who  can  afford  to  ]>ay  fl.ir  it.  Much  good  might  be  derived  hy 
private  estahliahments  from  the  excellent  instruction  given  at  Greenwich 
if  several  studcnta  were  prewired  annually  in  the  provinces  to  proceed  to 
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the  Itoyal  Naval  College,  where  instruction  id  war  vessel  design  can  be 
got  better  than  anywhere  else  in  the  world.  It  might  be  arranged  that 
tlieae  candidates  should  do  the  work  of  the  first  two  years  before  going, 
and  lie  prepared  for  the  study  of  de»gn,  so  as  to  make  the  period  of 
residence  away  from  work  one  year  instead  of  three. 

It  seems  then,  that  there  is  a  necessity  for  secondary  training  colleges 
ojicn  to  all  capable  of  receiving  a  scientific  training.  These  colleges 
should  be  at  the  industrial  centres,  right  in  the  heart  of  the  basiest  qoar- 
ters.  The  students  and  teachers  would  he  brought  into  intimate  contact 
with  production  on  it  lai^e  scale.  The  l)enefit  to  the  toachera  would  not 
bo  less  than  to  the  students ;  they  would  be  continually  reminded  that 
their  students  were  l^eitig  brought  up  to  pi^ctise  their  science  and  art  for 
commercial  puqwsefl — a  very  essential  feature  apt  to  be  lost  sight  of  by 
tluisc  eiitriiBtcd  with  education. 

A  collogo  thus  located  would  have  a  much  belter  chance  of  attracting 
stiidentA  from  abroad,  since  tite  training  would  be  much  more  complete 
Uian  could  he  obtained  under  other  conditions. 

For  the  satisfactory  carrying  out  of  this  idea  of  advanced  education 
very  great  oire  must  be  exercised  in  determining  tlie  eqwipment  of  the 
college*.  In  this  as  in  other  points,  as  to  the  course  of  study  and  so  on, 
counsel  and  assistance  should  be  sought  from  practical  men  who  have 
felt  the  want  of  educational  facilities,  and  who  know  best  the  Hues  on  which 
instniction  should  proceed  to  be  of  the  greatest  benefit.  The  college 
should  poBseas,  l>csides  the  usual  lecture  rooms,  a  laboratory  with  a  testing 
macliiue  of  the  most  modem  construction,  with  which  experiments  on 
the  properties  of  materials  could  be  carried  out.  There  should  also 
be  at  least  one  c^riinental  steam  engine  with  Iwiler.  A  laige  room 
should  hv  fitted  up  as  a  drawing  class  room,  in  which  designs  could  !« 
worked  out  by  the  senior  students.  lu  this  room  there  should  be  block 
models  of  as  many  typical  shi[)s  and  as  many  drawings  of  engines  and 
mochtuee  as  can  be  got  so  as  to  give  clear  ideas  of  the  varieties  of  form 
and  class. 

For  lecturing  purposes  there  should  be  sectional  models  of  the  various 
systems  of  construction  carried  on  here  and  on  the  Continent.  Machine 
makers  could  furnish  drawings  or  models  of  all  the  principal  jwwer 
tools  in  use  iit  the  ships  and  yards.  This  is  a  subject  to  which  suflicient 
prominence  lias  not  yet  been  given.  It  is  of  the  utmost  importance  that 
the  features  and  caifflcity  of  all  machine  tools  should  be  thoroughly  well 
known  by  those  who  are  being  trained  as  engineers  and  shipbuilders. 

The  college  library  should  contain  all  the  Itooka  published  on  marine 
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cngini?eriug  and  ahipbnildiog  in  our  own  language  as  well  as  in  Freuuli, 
rrennaii,  and  Italian,  tlic  papei's  of  all  the  scientific  societies,  and  the 
mechanical  journals. 

Before  leaving  the  subject  somethiiig  must  Iw  said  about  the  finiineial 
aspect  of  the  qneation. 

It  has  already  been  insistetl  that  the  elaes  fees  must  be  such  that  none 
will  l)e  esclnded  on  the  score  of  poverty.  To  get  all  the  assistance 
possible  from  the  Science  and  Art  Department  tlieir  grants  should  t* 
taken  advantage  of  to  the  fullest  extent,  and  tliose  students  not  prepared 
to  attend  rewularly  and  sit  for  examination  should  bo  required  to  pay  in 
addition  to  the  ordinary  fee  a  sura  equal  to  the  ^i^nt. 

To  eatablish  a  college  in  such  a  district  as  this  (the  North-East  (^oast 
of  Bngland)  a  large  sum  of  money  should  be  subscribed  for  building  and 
equipment,  and  to  endow  at  least  one  chair.  If  it  Ik  nnce  recognised, 
liowever,  that  there  is  need  for  anch  an  institution,  we  are  in  a  part  of 
the  world  where  the  matter  irill  not  le  allowed  to  rest  until  the  want  is 


There  is  a  very  general  desire  lieii;  to  put  this  district  in  the  front 
rank  of  mechanical  industry.  There  is  no  surer  means  of  raising  tiie 
tone  of  the  locality  than  by  spreading  education ;  and  employers  must 
show  cousiderAble  flexibility,  and  bo  prepared  to  encourage  all  in  their 
service  to  take  advantage  of  the  benefits  to  be  derived  from  the  college 
work.  This  is  more  necessary  now  than  ever  l«fore.  We  are  passing 
into  an  era  in  which  the  reqairements  from  mechanicians  will  be  infinitely 
more  rigorous  than  in  the  past,  the  division  of  labour  pi'odneing  more 
specialism.  Life  is  harder,  faster,  and  no  dutibt  shorter,  leaving  less  time 
for  acquiring  knowledge  and  calling  earlier  for  its  application.  Let  us 
then  not  be  found  lagging  in  the  race,  but  doing  at  least  all  that  our 
neighbours  are  doing  for  advancement. 


PKOOBRniNGH. 


NORTH-EAST   COAST    INSTITUTION   OF   ENGINEERS 
AND  SHIPBUILDERS. 


Third  Sebsioj), 


PROCEEDINGS. 

SIXTH  HENEHAI,  MEETING  OK  THE  SESSION,  HELD  IN  THE  LECTURE 
HALL  OF  THE  LITEllARV  ANU  PHILOSOPHICAL  SOCIKTV.  NEW- 
CASTLE-UPON-TVNE,  ON  WEDNESDAV  EVENING,  MARCH  9th,  1887. 


W.  THEO.  DOXPORD,  Esq..  PasaiDBST,  i 


The  Sbcrbtaby  read  the  minutes  of  the  Inst  general  meeting,  held  iu 
Sanderlaod,  on  Febraary  iitli,  which  were  approved  by  the  members 
preBunt,  and  signed  bj  the  President. 

The   ballot   for  new  memljers   iiaving   been  taken,   the   Preaideat 
apptiiuled  Messrs.  H.  Charlton  and  C.  W,  Hutchinsjn  to  eiaminc  the 
voting  papers,  and  the  followiug  gentlemen  were  declared  elected  : — 
MEMBEItS. 

Berkley',  Alfnsl  Bglisou,  GronKe  Villa,  Jarron'. 

Braj,  C.  H.,  9,  Erolt^rick  Street,  Sunderland. 

Dacrea,  Tliomaa  H.,  14,  Du  Ore;  Street,  Ncwnutle. 

Evaus,  Henry  A.,  16,  Windsor  Termiie,  Oateahead. 

Hjmera,  KkliaTd,  Iff?.  Norfolk  Road,  Byker.  Xewoutle. 

Hanhall.  R.  J.,  32,  Harinen'  CottsKCB,  Sontli  Shields. 

Martena,  D.,  62,  Kent  Street,  Jblttow. 

Mangban,  WiUium,  13,  AddiBon  Road,  Ueaton. 

Meuenger,  ThoinaB,  2,  Clarence  Lawn,  Dover,  Kent- 
Ramsay,  WillUm  George,  10,  Stanhope  Road.  Tjne  Doek. 

Reed,  Tlioma*  A.,  1,  St.  John's  Terrace.  Jarrow. 

Itandel.  L.  J.,  61,  Westmorland  Road,  Keweaalie. 

Sheppard,  W.  0.,  Pottery  Lane,  Newcaatle. 

Turner,  Sam.  Jopling,  8U,  Addison  Ruod,  Hoaton. 


*  PROCBEDINOa. 

ASSOCIATE. 
VnrlL-j,  John,  131,  Hyde  Park  RiMd,  Lpeda. 

tlUADUATES. 

Brjclieulnii-y,  H.  J.,  2,  Campbell  Street,  Newcustle. 
Frciioli,  Jrtuics,  7,  A\'enue,  Wall  send -on -Tync. 


The  P&BBiDBirr  said,  it  was  his  unfortunate  datj  to  have  to  annotince 
the  loss  of  another  member  of  the  Conncil,  Mr.  John  Brockat,  who  had 
been  a  member  of  the  Institution  from  its  formation,  and  he  was  sure  his 
loss  wonld  be  felt  byall  those  who  personally  knew  him.  They  would 
remember  that  at  the  General  Meeting,  held  on  Febrnary  3rd,  a  resolution 
wflfl  moved  by  Mr.  Stirzaker,  and  carried,  asking  the  Conncil  of  the 
Institution  to  consider  the  (|uestlon  of  the  accident  on  board  of  the  S.S. 
"  Pctriami."  The  Council  had  considered  the  matter  very  fully,  and  liad 
come  to  the  following  resolution,  viz.: — "The  Council  having  considered 
Mr.  Btirzakcr's  motion,  is  of  opinion  that  although  the  verdict  is  far  from 
Batisfactorj,  and  does  not  appear  to  lie  in  accoi-dance  with  the  facta  of  the 
case,  the  Council  does  not  see  its  way  to  re-open  the  enquiry  with 
beneficial  results,"  He  might  say  that  it  was  with  great  hesitation  tlio 
Council  passed  tbat  resolution,  for  although  the  Oouuui!  unanimously  felt 
that  the  enquiry  was  not  satisfactory,  yet  it  could  not  see  its  way  to  do 
anything  further  in  the  matter.  The  Council  bad  had  under  considera- 
tion the  adviaaliility  of  inviting  the  Inatitntion  of  Naval  Architects  to 
I'isit  the  North-East  Coast  this  summer.  This  matter  was  fnlly  con- 
sidered, and  a  rcsolutiim  passed  authorising  him,  as  their  President,  to 
send  an  in\'itiition  through  T-ord  Ravcnsworth,  which  he  hoped  would 
meet  with  their  (the  members)  approval.  He  niight  aay  there  wonld  be 
some  considerable  cost  in  connection  with  the  visit,  but  no  part  of  that 
cost  would  fall  upon  the  funds  of  the  Institution.  He  thought  the 
meeting  of  the  two  Institntions  would  prove  beneficial  to  the  members  of 
both. 


The  following  paper  on  ■'  The  Reaction  and  Efficionc'y  of  the  ■'terew 
Propeller,"  by  Mr,  A.  Blechyndeu,  was  then  read  :— 


REACTION  ASt)  EfflCI ESCV  OF  THE  SL'ilKW  Pit(»PBl,l,EIl. 


THE  REACTIOX  AND  EFFIC1E\CV  OF  THE  riCREW 
PROPELLER. 


Us-  A.  BLKC'HVNUK.V. 


The  subject  of  ihc  presc'ut  pnpt-i-  ia  an  old  one  in  marine  engineering, 
ftud  it  might  be  anggest^d  that  there  are  otliers  more  iipprupriate  for 
to-day,  but  after  all  the  jeara  the  sci-ew  propeller  has  been  used,  it  can 
hardly  \k  said  that  all  is  kao^ra  about  it,  and  that  it  has  been  beaten 
threadbare  from  s  literary  point  of  view. 

In  tliis  i>aper  it  is  the  writer's  intention  to  examine  the  subjects  of 
tlie  screw's  reaction  and  efficiency  almost  wholly  from  ait  experimeulal 
point  of  view— to  endeavour  to  bring  forward  in  the  light  of  practical 
experiment  sudi  facts  i>earing  on  the  subject  as,  in  his  opinion,  are 
insufficiently  appreciated  ;  but,  while  doing  so,  it  is  assumed  that,  being 
addi'essed  to  the  members  of  the  North-Eaat  Coast  Institution  of 
Engineers  and  Shipbuilders,  it  is  addressed  to  those  who  lu'e  acquainted 
with  the  general  facts  of  the  subject,  and,  consequently,  the  paper  may 
appear,  and  is,  in  some  respects,  elliptical.  It  is  iieilher  intended  as  a 
treatise  on  screw  propulsion  nor  us  an  explanation  of  the  method  of 
designing  a  screw  ;  but  much  that  it  contains  is  new — sucii,  for  example, 
as  the  facts  bearing  on  the  influence  of  surface  ratio  on  the  modulus  of 
a  screw's  delivery — and  the  writer  hopes  that  it  may  be  useful  in  leading 
to  a  clearer  appreciation  of  some  uftlie  phenomena counected  with  a  screw 
working  in  water. 


In  order  to  prevent  confusion  aud  to  save  unnecessary  words  hereafter, 
the  following  definitions  of  terms  which  will  be  used  in  the  paper  are 
now  given  : — 

"  Screw "  will  !«  understood  as  meauing  screw  propeller ; 
"  Pitch  ratio  "  as  the  relation  of  the  pitch  to  the  extreme  diameter ; 
"  Suriace  ratio  "  as  the  ratio  of  the  helical  or  developed  surface  of  a 
screw  to  the  area  of  the  circle  described  by  the  tips  of  the  blades ; 
and, 
"  Projected  sarface"  as  the  geometrical  projection  of  the  surface  on 
the  plane  of  the  screw's  rotation  ; 


IHO  RKACTIOS  AKD  EFFICIENCY  OF  THE  SCREW  PROPELLUR, 

Screws  will  be  termed  "  eimilar,"  when  of  equal  pitcli  and  surface 
ratioB  and  with  Borfaces  similarly  distributed  ; 

Snrraces  will  be  described  as  "  Biroilarly  distributed  "  wheu  io  screws 
of  equal  diainet«r  the  total  widthe  of  the  surfaces  measured  at  the 
circumferences  of  equal  ciivlea  are  equal  in  the  two  screws ;  and 
in  BcrcwB  of  unequal  diameter  when  the  total  widths  of  the  surfaces 
in  the  two  screws,  measured  ou  circles  having  in  each  the  same 
ratio  to  the  extreme  diameters,  l>ear  to  each  otiier  the  Bame  ratio 
as  the  diaraeterB  of  the  two  screws. 

In  commencing  to  examine  the  subject,  it  would  be  well  to  glance 
briefly  at  what  has  up  to  date  been  regarded  as  the  most  orthodox  writ 
upon  the  subject  from  a  theoretical  point  of  view.  It  cannot  be  invidions 
to  single  out  the  views  of  the  giants  in  scientific  investigation,  Profeasor 
Rankine  and  Ur.  Froude,  more  especially  as  those  who  have  written  upon 
the  screw  since  the  appearance  of  their  memoirs  upon  the  subject  have 
generally  adopted  the  views  of  either  the  one  or  the  other. 

In  Professor  Rankiue's  method  of  treatment  which  will  be  found  at 
length  in  his  paper  "On  the  Mechanical  Principles  of  the  Action  of 
Propellera,"  read  in  1865  before  the  Institution  of  Naval  Architects,  the 
i"eaction  of  a  propeller,  whether  paddle  or  screw,  ia  regarded  as  eimilar  to 
that  of  a  jet  in  moving  water  or  impinging  against  a  moving  disc  and  the 
formula  for  the  impulse  of  such  a  jet — 

P  =  A  V  S  '^ 
S 

is  taken  as  the  1)a8iB  for  the  calculation  of  the  thrust.  As  applied  to  a 
paddle  wheel,  A  is  the  sectional  area  of  the  stream  projected  astern  by 
the  float,  V  the  velocity  of  that  stream  relatively  to  the  ship,  S  the 
velocity  of  the  slip,  i  the  density  of  water  and  ^  the  acceleration  of 
gravity.  The  screw  was  treated  as  an  oblique  paddle  and,  ultimately,  for 
practical  purposes,  on  the  assumption  that  the  surface  was  sufficient  to 
make  the  column  or  stream  complete,  and  that  the  maximum  impDleo 
possible  for  such  a  stream  is  that  of  a  jet  of  equal  speed  and  slip  and  a 
aectional  area  equal  to  the  screw's  disc,  the  same  formnla  multiplied  by 
a  co-efficient  of  delivery  depending  on  the  pitch  ratio  of  the  st^rew  was 
used  to  calculate  the  tlirust.  Probably  there  has  not  yet  been  a  more 
thoroughly  practical  formula  framed  whereby  to  calculate  the  thrust  of  a 
screw,  and  had  it  only  been  accompanied  by  some  definite  means  of 
determining  the  relation  of  the  co-e&icieut  of  delivery  to  the  quantity  of 
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surface  little  more  would  have  lieeii  left  to  be  desired.  There  is  also  a 
moat  int«restiug  arLicle  on  the  screw  of  Diaximum  efficieacj  published 
amongst  Rankine's  miscejlaneona  papers,  which,  from  his  ixiint  of  view, 
is  that  which  has  such  a  curvature  of  blade  from  fore  to  aft  as  shall 
uniformly  accelerate  the  water  as  it  tmverses  the  screw. 

Mr.  Froudc,  in  his  paiwr  "  On  the  Elemental^  Relation  between  Pitch, 
Slip,  and  Propulsive  Efficiency,"  read  before  the  Institution  of  Naval 
Architects  in  1879,  start*  from  a  different  jjoint  of  view.  Each  element 
of  the  blade  is  viewed  as  a  plate  moviog  in  a  rectilineal  path  oblique  to 
its  surface,  and  the  normal  pressure  upon  it  per  square  foot  of  area  is 
taken  as  : — 

P  =  17Sin.  9  V=, 

V  being  the  velocity  in  feet  per  secoud  and  9  the  angle  between  the 
plane  and  its  line  of  motion,  or,  the  slip  aii^le.  Expressions  are 
then  foimd  for  the  resistances  of  the  plane  resolved  parallel  and  normal 
to  the  asis  of  rotation,  a  deduction  being  made  from  the  thrust 
and  an  addition  to  the  turning  {one  for  the  effect  of  fluid  friction,  and 
from  those  an  expression  is  fouud  for  the  efliciency.  Then  there  follows 
an  interesting  investigation  of  the  blade  angle  of  maximnm  efficiency, 
from  wiiich  Mr.  Fronde  concludes  that  it  is  43  degs.  with  the  plane  of 
rotation  with  a  slip  of  12j  per  cent,,  the  efficiency  being  then  77  jtcr  cent. 

It  must  be  remembered  that  the  said  investigation  relates  to  an  ele- 
mentaiy  blade  only,  so  that,  assuming  the  whole  data  upon  which  the  inves- 
tigation I'eets  as  sound  and  the  iu\'esttgation  nccnnite,  still  it  serves  only 
to  point  out  how  the  whole  blade  must  be  treated.  I'be  pitch  ratio  of 
maximum  efficiency  is  still  left  undetermined.  As  a  general  method  of 
calculating  the  thnist  of  a  screw  it  cannot  be  recommended,  as  it  involves 
the  assumptiou  that  the  thrust  is  directly  proportional  to  the  blade 
surface  of  the  screw,  which  shall  Ik  shown  hereafter  to  be  very  wide  of 
the  mark,  and,  it  might  be  added,  very  little  reaaoaing  is  needed  to  prove 
it  necessarily  so. 

The  method  of  treatment  pursued  by  Mr  Froudc  commends  itself 
to  the  judgment  as  the  more  rational  of  the  two  alluded  to,  because 
the  reaction  of  the  screw  is  that  due  to  its  blades  moving  in  paths 
inclined  to  their  faces,  the  inclination  being  the  slip  angle,  and  the 
thrust  is  this  reaction  resolved  in  a  direction  parailcl  to  the  axis  of  rotation ; 
but  this  tlirust  is  limited  by  the  value  of  the  impulse  of  a  stream  or  jet 
of  equal  speed  aud  slip  and  of  section  equal  to  the  disc  area  of  the  screw. 
This  is  the  maximum  value  of  the  thrust  whatever  be  the  blade  area  or 
pitch,  so  tbat  it  would  api>ear  as  if  some  combination  should  be  made  of 
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the  iwo  methods — such,  in  short,  as  Professor  Cott«ri]l  has  attempted  in 
hia  paper  "  On  the  miniimini  area  of  Blade  in  a  Screw  Propeller  necessary 
lo  form  a  complete  colomn."  This  can  be  referred  to  in  the  "  Trans- 
actions of  the  Institution  of  Naval  Architects  "  for  1$79. 

Ex  ptr  I  mental  data  in  such  a  simple  form  as  will  enahle  general  dednc- 
tious  respecting  a  screw's  reaction  to  be  made  are  comiwratively  soarce, 
although  it  is  probable  that  there  is  no  mucliino  made  by  engineers  with 
which  more  experiments  have  been  made  in  the  concrete  form  ;  but  the 
data  of  such  experiments  are  of  little  value  unless  there  exists  the  means 
of  separating  the  frictional  and  other  resistances  from  the  gross  power 
applied  to  the  screw,  and  the  thrust  and  ship's  resistance  be  known. 

r<ome  of  the  most  valuable  data — valuable  chiefly  because  of  the  skill 
and  care  of  the  ol»erver — were  published  in  Vols.  XX.  and  XXI.  of 
Engineer  itig,  under  the  title  of  "Pmpclling  Efficiency  of  Screws,"  by 
Mr.  B.  F.  Isherwood,"  The  paper  gi\es  the  carefully  analysed  result*  of 
a  series  of  trials  of  different  screws  on  a  steam  launch.  .'Vs  these  trials 
will  be  frequently  refoiTed  to  and  their  data  made  use  of  to  prove  certain 
propositions,  a  brief  outline  of  them  may  not  be  out  of  place, 

The  object  in  view  was  to  ascertain  the  relative  efficiency  of  dlEFcrent 
screws  at  different  speeds. 

In  order  that  the  ijoner  cxjiended  in  working  the  screw  and  propelling 
the  vessel  might  be  separated  fi-om  the  total  power  developed,  the  friction 
of  the  engine  and  shafting  was  carefully  aacertained  by  independent  trials. 
The  thrusts  were  measnred  by  a  dynamometer.  The  vessel  was  carefnlly 
tried  over  a  meosured  distance  at  varions  8]>eedB,  varying  from  5  to  over 
8  knots,  with  each  bctcw.  and  the  results  plotted  down. 

From  the  total  jiowers  thus  found  for  the  various  speeds  were  deducted 
the  powei-8  expended  in  the  friction  of  the  engine  and  sliaftiug  and  the 
remainder  was  divided  into  three  parts,  viz.: — 

1st — The  power  absorbed  in  the  friction  of  the  screw  (calculated) ; 

2nd — ITie  jxiwer  expended  in  slip  ;  and 

3rd — The  power  expended  in  overcoming  the  resisttmce  of  the  ship. 

The  powers  under  the  second  and  third  heads  were  found  by  deducting 
the  power  ex[)ended  in  the  screw's  friction  from  the  total  power  traas- 

■  Ai  it  would  be  inconvenient  to  reproduce  tlie  tabular  aualjsrs  of  ihfse  triaJ*  on 
Kcooiiut  of  their  Uiigtb,  tlie  reader  is  referred  to  isgwi  369  nnd  370,  Vol.  XX., 
EHgiHeermg,  NuviMiibcr  5tli,  1B7&- 
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mitted  to  the  screw  and  then  by  dividing  the  remainder  into  two  parts 
proportionate  respectively  to  the  apparent  slip  and  to  the  speed  of  the 
vcBsel.  The  last  is  the  power  expended  in  propulsion,  and  it«  relation  to 
the  total  power,  less  that  expended  in  engine  li'iction  jwr  se,  was  taken  as 
the  propulsive  efficiency  of  the  screw. 

The  following  Table  gives  the  particulars  of  the  screws  tried  : — 


^gfr 

"S" 

ir,r 

P«t. 

HU.1«. 

Proj-toL  HdloorfmL 

A 

4-333 

0-50 

5-136 

2 

0-91C7 

5-1950      61321 

B 

1-333 

OoO 

ftlSfi 

1! 

0-7187 

4-0730 

4-8078 

C 

0-SO 

.VlSfi 

■i 

0'-l583 

B-a975 

3-06ai 

T) 

-1-333 

0-50 

B']36 

0-2604 

1-4755 

1-7417 

K 

4333 

O-oO 

5'1B6 

0-4583 

B-1S)50 

6-1321 

4-333 

0-nO 

613(i 

0-4583 

5-1950 

fi-1321 

(I 

4-333 

0-50 

7-00 

0-91G7 

50110 

68520 

H 

4-333 

l-'ii. 

7-UO 

'" 

0-3167 

2-7495 

5-2968 

The  screws  A,  E  and  F  were  formed  from  two  two-bladed  screws  which 

were  sliues  of  a  double  threaded  helix,  of  which  the  serew  C  wns  one  tried 
separately.  They  were  made  so  that  they  could  be  fixed  at  right  angles 
and  so  form  a  fonr-bkded  screw  E,  directly  behind  each  other  as  a  Mangin 
screw  V,  or,  angularly  with  the  after  edge  of  the  forward  screw  touching 
the  forward  etlge  of  the  after  one  and  so  form  one  two-bladed  «crew  A  ; 
the  screw  U  was  of  the  same  class  as  A  ;  and  the  screw  H  of  the  GriflSth 
form  made  by  |mring  down  the  blades  of  the  screw  G  and  fitting  filling 
pieces  around  the  boss. 

It  may  I*  interesting  to  give  the  dimensions  of  the  launch  upon 
which  these  screivs  were  tried  though  it  is  not  absolutely  uecessary  for 
the  purposes  of  this  paper. 

F  U.S.  Stham   LirsoH  No.  4. 
64'40f<!et 

2-957  feet ) 

4-813    ..     i^^'^"      ^'^" 

...         24-98  aqoBn-foet. 

814-10  cubic  feot. 


Leiigtli  oil  H'fttcr  line 
Extreme  bmuitli  on  u 
Draught —  Forward ,. , 

Aft 
Onmtest  transt-arac  k 
Diaplaceiuent 
Co-efticieiit  of  lilies 


In  the  years  1882  and  1883  n  very  large  number  of  experiments 
were  made  with  model  screws  at  Messrs,  R,  &  \V.  Hawthorn's  Forth 
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Banks  Works.  These  experiments  were  undertalun  with  l)ie  object  of 
ascertaiiUDg  the  effect  which  m'xHficationa  of  the  form  of  blade  have 
npon  the  pcrformaDces  of  screws,  bat  thejr  were  afterwards  extended  to 
modiiications  of  pitch  ratios,  and  in  all  iwenty-five  models  of  variuuB  forms 
and  proportions  were  experiment«l  with.  These  were  tried  in  the  tank 
and  with  the  apparatus  shown  in  Figs.  1  and  3,  Plate  27.  Dnring  the 
trials  the  free  water  level  was  4  inches  over  the  tips  of  the  blades  of  the 
screws  of  \i^  inches  diameter  and  this  total  depth  of  water  was  kept  the 
same  for  aU.  The  screw,  in  rotating,  caused  the  water  to  course  around 
the  tank  in  the  direction  of  the  arrow,  so  that  the  thmst  was  due  to  the 
fiictional  resistance  of  the  water  Mgainst  the  sides  and  its  deflection  at 
the  ends  of  the  l&ak.  Thus,  the  slips  were  not  under  control,  and,  aa  it 
happened,  were  much  greater  than  in  the  ordinary  conditions  under 
which  ecrewfl  work;  but,  notwithstanding  this  defect,  the  eipcriments 
possess  great  ralne  and  sene  to  prore  some  important  propositions 
respecting  the  reaction  of  the  sirew. 

The  most  important  of  the  eiperiments  were  made  with  a  set  of  screws 
of  the  same  diameter,  surface  ratio  and  form  of  blade,  but  of  different 
pitch  ratios;  and  with  a  set  of  three  similar  screws  of  different 
dimensions.  The  following  Table  gives  the  dimensions  of  those  models 
to  whose  trials  reference  will  be  made  hereafter : — 
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Buio. 

Hub  In 
Incfn 

BlKlA 

sk 

Sntfuc 

BUio. 

F'lnn  v(  S\M.\t  uul  Bcnurti. 
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1-25 

18125 

4 

<3 

0-38 
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14-5 

1-25 
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2 

31-5 

0-19 

D.,. 
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loGi 

C3 

0-38 

Bbde  Bbotvn  in  Fig.  4,  Pbktc  28. 

14-5 
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63 

0-38 

Do. 

14-5 

1172 
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4 

0-38 

Do. 

/ 

14-5 

1-25 
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0-S8 

Do. 

g 

14-5 

1353 

19-635 

63 

0-38 

Do. 

h 

145 

1-449 

21-00 

63 

0-38 

Do. 

14-5 

1-60 

23-20 

63 

0-38 

Do. 

i 

lis 

2-00 

29«l 

63 

0-38 

Do. 

1 

9625 

1-254 

12-0625 

27-7 

0-38 

2175 

1-25 

271875 

142 

0-38 

Do. 

21-75 

0-833 

18'12o 

143 

0-38 

Do. 

145 

1-25 

1S125 

92 

0-5S6 

p 

14-6 

125 

18-125 

63 

0-38 

Vwit«l.  Kg.  5,  Pl»to  28. 
Griffith'^  Fig.  6,  Plate  33. 

e 

14-6 

1-26 

18125 

63 

0-88 

XoTB. — 8iin:e  the  greater  portion  of  tliii  paper  wu  written,  ciperimenls  li«ve  been 
m&de  bj  tlie  M-riCer  with  tlie  snme  apparatiis  And  v,-ith  Hrewi  siniikr  to  llie  above  with 
three  bqi]  two  bUdea.    Tbe  results  are  embodifd  in  the  paper. 


IJEACTIOS  ASD  EFFICIEXCY  OF  THE  S 

These  models  were  tried  in  nearly  nil  cases  at  twenty-three  different 
speeds,  at  two  dilTerent  times,  and  the  mean  revolutions  taken  by  counter 
over  a  period  of  four  minntes.  The  results  for  each  screw  shaped  them- 
selves into  the  three  general  eqnntiona — 

T  =  O.W       (1) 

T  =  0„R'      (i) 

R  =  C„  VW (3) 

in  which  T  is  the  thrust,  R  the  revolutions,  W  the  motive  weight  and 
C„  0,  and  C^  three  co-efficients  constant  for  each  screw,  any  one  of 
which  is  dedueible  from  the  other  two,  but  each  of  which  was  calculated 
from  the  results  independently  and  then  compared.  In  analysing  the 
results  of  these  experiments,  the  whole  have  been  reduced  as  for  a  common 
thrust  of  5'G  lbs.,  which  includes,  with  the  indicated  thnist,  a  calculated 
allowance  for  the  effect  of  lluid  Mction  upon  the  hiades. 

The  source  from  which  any  other  fact  is  derived  will  be  given  in  the 
conree  of  the  paper. 

An  attempt  will  now  he  made  to  prove  certain  propoBitions  respecting 
the  screw's  reaction.  The  effects  of  friction  and  edge  resistance  in 
modifying  the  efficiency  of  the  screw  will  then  be  considered  and,  finally, 
the  influence  of  the  screw's  dimensions  and  proportions  on  propulsive 
economy  will  he  briefly  viewed. 

The  following  propositions  must  be  understood  as  referring  to  screws 
without  frictioual  or  edge  resistances,  though  this  may  not  be  distinctly 
stated  in  each,  and  as  true  only  within  the  limits  proved  by  experiment. 
Ail  may  he  tme  for  much  wider  limits — induction  would  ]>oint  to  that 
supposition — but,  as  the  experimental  proofe  of  most  of  them  extend  over 
the  range  embraced  by  practice,  the  residual  phenomena  may  be  left  for 
the  present. 

Pbopomition  I. — In  any  screw  Ihe  liiming  moment  is  independent  of 
tite  quanlity  of  surfare  or  of  (lie  mode  in  ichkh  it  is  distributed. 

This  is  a  conclusion  arrived  at  by  Mr.  Isherwood  and  is  clearly  proved 
by  his  experiments. 

Of  the  various  items  into  which  the  mean  pi-essures  and  powers  are 
divided  in  Mr.  Isherwood's  analyses  of  his  trials  with  the  severs!  screws 
in  steam  launch  No.  4,  only  those  due  to  slip  and  propulsion  affect  the 
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pFMeiit  propoaitioii.  These  are  tUe  preasnrea  aud  powers  due  tg  the 
screw's  roactioo.  All  tlie  screws  from  A  to  D  are  equal  lu  diameter  and 
pitch  but  widely  different  in  surfece  ratio.  Screws  G  aud  II  are  also 
equal  in  diameter  and  pitch  but  iiave  surfaoc?  difierent  in  quantity  aod 
mode  of  distribution.  If,  therefore,  ifc  can  be  shown  that  the  tnrmug 
moments  of  the  set  of  screws  A  to  D  are  equal  to  each  other  for  cqnal 
speeds  and  that  those  of  G  and  IT  are  equal  for  equal  speeds,  the  proposi- 
tion may  be  held  as  proved.  It  is  not  necessary  that  the  absolute  turning 
moments  be  taken,  as  the  lever — in  this  case  the  crank  of  the  engine — 
being  constant  throughout,  they  are  proportionate  to  the  piston  pressures 
which  may  be  compared  instead  of  them. 

In  Tables  III.  and  IV.  the  sums  of  the  pressures  for  slip  and  propul- 
sion are  shown  for  each  speed  and  each  screw  ;  and  it  will  be  seen  that 
with  screws  of  the  same  diameter  and  pitch  ratio  the  pressures  are  equal 
for  equal  speeds.  Such  slight  differences  as  exist  are  well  within  the 
limito  of  errors  of  ol'serxation.  Yet,  while  this  equality  exists  for  screws 
of  the  same  diameter  and  pitch  ratio  when  tried  at  equal  speeds,  the 
surfaces  vary  euormously  :  in  the  A  F  set  from  (l'132l  down  to  1-7417 
square  feet. 

TABLE  III. 

QiTiNa  Piston  Pbbssubes  due  to  Rbaotiok  or  Scbbws  for  Vabious  Hpbids. 

SprciTB  1'33  (eel  diuneter  and  5't(i  feet  [ritcli,  but  trlth  different  anrface  ratios. 
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TABLE  IV. 

I  TO  KElCtlOH  0 


'  SCBBWS  ton  TABiors  Sfebds. 


Screw!  4'33  feet  diameter  and  pitoliei  6'5  feet  at  fonrard  edge,  incrcauag- 
to  7'5  at  after  edge. 
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PropoBitiom  II. — Screws  of  equal  diameler  tried  tmder  gtmilar  con- 
liilions  have  turning  moments  directly  proportional  to  their  jntch  ratios  for 
equal  Ihrmls. 

If  the  taming  momenta,  or  rather  their  equivalent  piston  preasureB 
in  Tahle  III.  be  compared  with  those  iu  Table  IV.,  it  will  be  found  that 
for  the  same  speed  they  bear  the  ratio  of  1  to  1'3C  throughout.  If  now 
the  pitch  of  the  first  set  of  screws  be  compared  with  the  arithmetical 
mean  of  tbe  pitches  of  the  second  set  their  ratio  will  be  fonnd  to  be  1  to 
1-356,  which  Ib  practically  eqnal  to  the  ratio  of  the  piston  pressures. 

In  the  following  Tables  (No.  V.  and  No.  VI.)  and  in  Fig.  10,  Pktc  Al, 
the  relation  between  the  pitch  ratios  and  the  turning  momenta  is  more 
forcibly  and  satisfaetority  illustrated  because  of  the  wide  range  of  pitch 
ratios  which  it  embraces  and  alao  because  of  the  fact  that  the  pitehes  of 
all  the  screws  are  uuiform,  while  in  the  case  of  the  screws  just  referred 
to,  tbe  comparison  was  made  between  the  results  from  a  set  of  screws  of 
uniform  and  those  from  a  set  of  screws  of  non-uniform  pitch,  a  fact  which 
might  reasonably  throw  doubt  upon  any  general  deduction  respecting  the 
influence  of  pitch  ratJo  on  turning  moment  which  might  be  made  from 
their  trials. 

TABLE  V. 


TiiEiK  Pitch  Ratios. 

ivii  14'5  Indies,     Tlie  inotirc  nughti  arc  in  Iba.  lu'ting  ftl 
inclics  ratliuB  fuT  a  tliruet  at  &*€  lbs. 
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pKOPWtTIOS  ni.— JStot*   tra!A   «fiu/  pdol    ndiM   Am 
fMBunb  proporlumal  to  tJuir  dUmtitrt  whm  indkaHiif  aqaai  t^naU. 

TABLB  VH. 
Otnso  mi  Bt>n.T«  or  tse  TatAu  of  Tnn  Sunux  Scvxws  or 
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• 

121-760 

27-1876 

1-2S0 

8-810 
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1-500 
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The  figures  in  Table  VII,,  emfaracinR  exaraplee  having  diameteTS  in 
the  ratio  of  1'0("  to  2-25,  Beom  BiifGcicDt  to  prove  the  propoeition. 

pROPOamo!!  IV. — Screwa  tried  under  umilar  circumstaneet  hava  turn' 
ing  momentf  proportional  to  their  pitches  wJien  indicating  equal  thrusts. 

This  follows  from  PropositionB  II.  and  III.,  because  if  the  turning 
p 
moinetits  be  proportionul  to  yjin  screws  of  equal  diameters  and  to  D  in 

icrowH  of  equal  pitch  ratios,  then  M  oc  -  v  D,  ,'.  M  X  P,  where  M  is  the 

turning  iiionifiit.  V  Ihr  pitch  iiiiJ  O  the  diameter  of  the  screw. 
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PROPOsmoir  V. — Ta  ivty  tcreio  TxP  =  2xn-xM  (i.e.,  thrusl 
into  pilch  is  eqiMl  h  6'23  inlo  tlie  turning  moment). 

This  proposition  may  be  put  in  other  words.  The  tbrnst  in  lbs.  mul- 
tiplied by  pitch  ill  feet  and  revoliitious  per  minute  and  divided  by  SS.noo, 
is  equal  t«j  the  net  horse-power  exerted  in  turning  the  screw.  This  appears 
BO  self-evident  as  to  need  no  proof.  It  ia  nevertheless  well  fo  prove  it. 
It  follows  from  Proposition  II.  that  for  the  same  thnist  presaiires  the  in- 
dicated thmsts  must  be  directly  proportional  to  the  indicated  powers,  since 
the  pitches  and  the  motive  weights  are  proportional  and  the  thrusts  and 
lever  orhits  are  constant ;  but  it  does  not  follow  from  this  that  they  are 
equal.  Observations  of  results,  howe^'er,  indicate  equality  and  the  fol- 
lowing Tables  clearly  lUuBtrate  it. 


Showiko  tbb  bbutios 


TABLE  VIII. 
Pitch  x  THurei  *. 


)  MoTiTi  wiioHT  »  Lsm 


OBBn 

:S   BSPEEIMBN 

TAL  SeBEWS   to 

A   THBnST   OP 

5-6  MB. 

«c«.. 

PItoh  In  InohM. 

MoU»  wellhl 

PiiohxTh™*, 

""'i-ur- 

,. 

15-650 

2'270 

87-64 

87-35 

d 

16000 

2-316 

89-60 

89-12 

e 

17-000 

S'479 

95*20 

95-39 

f 

18135 

2-oao 

101-50 

99-62 

9 

19'625 

2-872 

109-90 

1 10-61 

h 

21-000 

3-010 

117-60 

115-81 

j 

231875 

3-429 

120-83 

181-90 

k 

29'000 

4-2« 

162-40 

163-36 

Showiho  t 

■■  Pbopclsion  "  AUD  "  Slip"  i; 


THBlTaT  AND   POWEB  BIPENSfiD  IV 
?  iUS.  iBBEBWOOn'll  TBUia  WITB 


* 

BBWB  A,  B  AH 

□  F. 

8p«dlolniM.       

s-0 

t.i 

611 

fl-S 

70 

7-B 

an 

8-G 

Tlmirtbrdyd»Diom»ter        11* 

aai 

368S 

MSD 

BM-fl 

70711 

M71 

NOT 

10834 

in  125 

IIS-MI 

130QW 

Mm 

itans 

m-isi 

1H2M 

186-Ml 

Blip  per  wnUini 

7B! 

8W 

8-m 

SM 

1010 

11  66 

13-33 

UB7 

'■LaP.tMpKnutaUio- 

4«; 

(■MS 

8-SB7 

ii-aw 

is-aii 

lawt 

HXl 

38  390 

"LILP.rordip" 

o-«i 

o-sei 

o-an 

1171 

1-709 

ii«) 

S-J17 

4-833 

Ltt  P.  r«  prapuWon  Kid  lUp .  . 

S4U 

t-«M 

R'lM 

nm 

18-990 

33-003 

38108 

WIOS 

s-aw 

e-806 

Sllfi 

ia-3w 

Ifi-lll) 

13-680 

is-ioo 

33-100 

190 


kkactios  axd  ePficif^'ct  optbe  »citnr  noftu^EA. 


It  will  be  obeerrt^d  tliat  approximate  eqaaliiy  exists  between  colonuif 
4  and  &  ofTable  VIII, and  lines  7  and  8  of  Table  IX 

The  Bamo  fact  might  be  illnsLratcd  by  other  emoples,  but  those  givra 
ghowing  tliL- Lriith  of  the  proposition  for  screws  of  different  pitdi  isti(« 
when  indicating  the  eame  thrust  and  for  the  same  screvs  »t  diSej«)t 
speeds  arc  anffident. 


PropostTIOS  VI. — 77w  l/irml  T  of  any  sfrsw  icorkmg  trith  a  v^ecittf 
of  advame  V  and  a  slip  S  can  be  apprarimaUlg  debrmuud  from  tk» 
eolation — 


T  = 


CAVH-/ 


A  being  Ihe  disc  area  of  the  screw,  i  the  dentily  of  water,  g  the  aaeleraiwn 
dm  to  gravity  and  G  a  modulus  depending  on  tlia  ptkh  and  surface  ralu>» 
of  Ike  screw. 

This  will  be  recognised  as  the  cxpreaaion  given  b;  Rankine  for  the 
thrust  of  a  propelling  instrnmciit  and  it  is  equivalent  to  saying  that  for 
a  given  speed  of  screw  the  thrust  varies  as  the  slip. 

The  forward  thrust  of  a  screw  can  only  be  due  to  the  backward  velo- 
city impreased  nj>on  the  water  passing  through  it,  and  it  wonld  appear 
but  n  rational  deduction  tliat  if,  with  the  same  speed  of  advance,  the  slip 
wore  doubled,  or.  in  other  words,  double  the  backward  velocity  impressed, 
the  thrust  would  be  doubled,  Jjtt  Table  X.  be  considered.  It  gi\*es  the 
co-efficient  0  worked  out  for  three  similar  screws  of  different  dimensions 
indicating  the  same  thrust.  The  speed  of  stream  ie  the  same  for  each ; 
but  their  speeds  of  advance  and  sli[«  are  different,  as  they  must  necessarily 
be,  for  the  same  thrust  to  be  indicated.* 


TABLE  X. 
Saowiico  THE  liEsrLTa  Of  Tbulb  add  the  MocFics  C  raa  three  siuilib 
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*  The  exproMion  far  tbniat  becomes  T  •>  5'6  C  A  V  S  wbin  A  is  id  aquue  feet;,  T  in 
l>niind«,  V  nnd  9  in  knots  per  hour  and  the  Bcreu  is  actiiiii:  ill  fr«ih  water. 
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The  values  of  C  tliuB  calculated  are  approximately  equal,  but  they  work 
oat  Btill  more  nearly  so  if  a  very  simple  and  admissible  convention 
be  adopted.  It  has  been  shown  that  the  turning  moments  of  screws  are 
as  their  pitches.  There  is  then  no  reaBoo  why  the  turning  moments 
should  not  be  regarded  hb  the  criterion  of  pitch.  It  is  e,\tremely  difficult 
to  make  model  screws  with  pitches  as  accurately  as  intended,  especially 
if  the  blades  are  filed  and  burnished  after  they  are  fixed.  Therefore 
the  true  pitches  might  for  couveiiience  be  calculated  from  Uie  turning 
moments.     Let  this  convention  be  adopted. 

If  the  figures  in  the  sixth  column  of  Table  VII.  be  compared  with 
those  in  its  eighth  column  it  will  be  observed  that  the  ratios  of  the 
pitches  of  the  screws  /  and  m  are  greater  than  the  ratios  of  their  motive 
weights,  BO  that  if  it  be  assumed  that  the  pitch  of  the  screw /is  correct 
as  stated  on  that  table,  then  the  pitches  of  I  and  m  most  be  less  than  they 
were  intended  to  have  been.  In  order  that  they  should  have  the  same 
relation  to  their  molive  weights  as  the  pitch  of  tbe  screw  /  has  to  its 
motive  weight,  the  pitch  of  I  must  be  ti-9SS  feet  and  that  of  m  2-220  feet, 
and  the  results  shown  in  Table  XI.  would  follow  if  the  same  calculations 
be  made  with  these  assumed  pitches  as  wei'e  performed  for  Table  X. 

TABLE  XI. 


a™. 

ntohiiiFert, 

Pitch  ItaUg. 

i 
f 

0'9S8 
1-510 
2-220 

1'232 
1-250 
1-225 

0-499 
l)--196 

0-196 

The  screws  now  appear  with  approximately  equal  moduli. 


straight  line  referred  to  the  co-ordinates  T  and  S  if  the  part ^  be 

constant,  so  that,  for  a  given  screw  and  speed  of  advance,  a  diagram  such 
as  that  shown  in  Fig.  7,  Plate  28,  may  be  used  to  determine  the  thrust 
for  any  slip  ratio,  the  thrust  for  one  slip  mtio  being  known.  It  is 
only  required  to  measure  otT  on  the  Imse  AB  the  slip  AS  to  any  scale, 
and  from  the  point  S  to  draw  Si  perpendicular  to  AB,  proportionate  to 
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the  thrust,  to  the  same  or  any  other  scale,  and  throngh  /  nnd  A  to  draw 
the  straight  line  AC.  The  co-ordinates  of  any  point  in  AG  will  be  slip 
and  its  corresponding  thrust  to  the  same  scales  as  before. 

In  harmony  with  tbis  proposition,  thnist  increases  with  the  disc  area 
and  with  the  speed  of  advance.  The  thrust  for  a  screw  similar  to  / 
working  with  the  same  slip  ralio,  but  equal  in  diameter  to  m,  can  there- 
fore be  calculated  by  multiplying  the  thrust,  S-IJ  lbs.,  by  the  ratio  of  the 
area,  and  then  by  the  ratio  of  the  squares  of  tbo  advances  of  /  and  m. 

'"^''^t  (^|§)  =  ^-302  lbs.  Thus,  three  points  in  the 
thruBt  curve  for  a  screw  of  1-228  pitch  ratio  (the  mean  of  the  ratio  of  I 
and  m)  are  known,  viz. : — 0,  5-G  and  8'3,  their  respective  slip  ratios  being 
0,  0'503  and  U'742,  These  points,  when  plotted  down  in  the  manner 
mentioned  in  the  last  paragrapii,  range  almost  iu  a  straight  liue.  This 
is  shown  in  Fig.  7,  Plate  28. 

As  a  further  illustration  of  Proposition  VI,,  the  diagram,  Fig.  8, 
Plate  20,  is  given,  ivhich  is  an  analysis  of  trials  made  with  a  screw 
9  inches  diameter  at  various  speeds.  This  is  the  model  whoso  trials  are 
published  in  Mr.  Sidney  Bamaby's  book,  "Marine  Propellers,"  but  with 
the  thruets  calculated  for  the  uniform  speed  of  advance  equiwlent  to  930 
revolutions  per  minute.  The  thrusts,  plus  a  calculated  amount  for 
friction,  are  plotted  down  in  reference  to  then-  slip  ratios.  These  ahp 
ratios  are  not  calculated  upon  the  mean  but  upon  the  after  pitch  of  the 
screw,  as  it  is  evident  that  upon  the  after  pitch  the  true  advance  of  the 
screw  depends.  Agreeably  with  the  proposition  it  will  be  seen  how 
closely  five  out  of  the  eight  trial  spots  mnge  in  a  straight  line  and 
that  the  greatest  divergence  of  the  others  is  within  the  limits  of  or- 
dinary en'ors  of  observation. 

Corollary : — With  constant  slip  ratio  the  thrust  varies  as  the  square 
of  the  revolutions  or  the  square  of  the  advance. 

Proposition  VII. — Tiip  pffecto/  surface  is  the  same  irrrspfc/hv  of  the 
number  of  blades  into  ivhieh  it  u  divi'/fid  t-o  long  as  it  is  similarly 
liklribul/'d. 

This  is  evident  from  Mr,  Ishenvood's  trials  with  the  screws  A,  E 
and  F.  Each  had  the  same  quantity  ofsmface  and  that  stiriacc  similarly 
distributed.  A  had  Iwo  blades ;  E  had  four  blades,  each  adjacent  pair 
being  at  right  angles ;  F  was  a  screw  ot  the  Mangin  form ;  each  screw 
gave  the  same  i-esult. 
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The  wflueiue  of  the  pitch  and  xurfuce  ratios  on  the  vnliiB  of  the  modulus 
C  o/ProposUion  VI. 

The  mode  hi  which  the  modaluB  0  varies  with  the  surface  ratio  will 
be  best  apprehended  by  reference  to  the  dingrnm.  Fig,  9,  Plate  80, 
which  is  a  curve  drawn  in  the  firEt  instance  through  the  values  of  0  for 
the  screws  o,  a  and  b  as  ordinates  with  their  respective  surface  ratios  as 
abscisste.  These  arc  screws  with  similarlj-  distributed  but  dilferout  quau- 
titles  of  Burfaeo.  The  four  points  /„  /„  /,  and  j\  were  plotted  ou  the 
aBsuraption  tliat — A  curve  of  C  valnea  for  any  pitch  ratio  referred  to  the 
surface  ratios  as  abscissaj  being  f^ivcn  (the  mode  of  distribution  being 
the  same  for  all  the  Burface  ratios)  the  same  curve  may  be  used  to  deter- 
mine the  C  valaes  for  screws  with  surfaces  distributed  in  any  other  mode, 
the  0  value  for  one  screw  of  the  kind  beiug  known.  All  that  is  necessary 
is  to  find  the  abscissa  for  the  known  C  value.  Similar  screws  with  other 
surface  ratios  will  have  0  values  equal  to  the  ordinates  of  their  propor- 
tionate alscissBj. 

The  pointy,  has  an  ordinate  eqnal  to  the  0  valne  of  the  screw  ^^ 
The  ordinates  of  the  pointa ./«  /,  and  /,  are  the  values  found  by  experi- 
ment for  screws  with  three,  two  and  one  similar  blades  to/referred  to 
the  al»8cisHai  0'75,  0"50  and  0-2i)  of  the  abscissa  of  J\.  It  will  bo  seen 
how  closely  they  coincide  with  the  curve. 

The  curve  is  drawn  for  a  set  of  screws  of  1*25  pitch  ratio  and  ita 
ordinate  appears  to  approach  a  limit  of  0-G4.  It  is  noteworthy  that  this 
is  about  the  maximum  physical  limit  for  a  screw  oF  this  pitch  ratio 
working  with  25  per  cent,  slip  according  to  the  investigation  of  Pro* 
fessor  Rankine. 

An  examination  of  the  curves  of  C  values  for  other  pitch  ratios  indi- 
cates that,  for  practical  pnrposca,  the  curve  may  be  regarded  as  the  same 
for  all  pitch  ratios  between  I'O  and  2'0,  but  with  its  co-ordinates  to 
different  scales.  For  the  pitch  ratio  of  2,  for  example,  the  C  values  for 
the  screw  k  and  for  screws  with  three  and  two  similar  blades  are  shown 
by  the  points  ]c„  h  and  Aj,  the  latter  pair  having  aliacissro  proi»rtionod 
in  the  ratios  of  075  and  0'50  to  that  of  k„  and  the  ordinates  to  such  a 
scale  that  the  maximum  height  of  the  curve  equals  O'lG,  The  points 
almost  coincide  with  the  curve, 

The  particular  value  of  C  for  any  distribution  of  surfiice  appears  very 
difficult  to  determine  except  by  experiment,  but  a  very  close  approxi- 
mation may  be  made  by  comparison  with  the  known  values  for  certain 
distinct  types  of  blades.  Table  No,  XII.  illustrates  the  variation  of  0 
with  variation  in  the  mode  of  distribution  of  surface.    The  four  screws 
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whose  valnes  it  embraces  hare  equal  pitch  nnd  surface  ratios,  but 
their  siirfaoGB  differently  distributed.  The  forms  of  the  blades  are 
shown  in  Figs.  3,  J,  5  and  G,  Plate  28. 
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It  is  evident  from  the  table  and  the  diagrams,  as  might  be  expected, 
that  the  greater  the  moment  of  the  surface  i-elatively  to  the  axis  the 
greater  is  C. 

An  examination  of  the  results  of  exiwrimentB  with  the  c  k  Bcrioa*  of 
screws  shows  that  the  vevolntious  for  auy  pitch  ratio  within  the  limits  of 

trial  can  be  expressed  by  the  empirical  formula  f  —  +  k^p^  */Ti 
ki  aud  *■;,  being  constants,  p  the  pitfh  mtio  and  T  the  thrust  in  lbs.  Its 
close  agreement  with  the  trial  results  will  be  seen  by  an  inspection  of 
the  figures  in  Table  XIII.,  and  of  Fig.  10,  Plate  SI,  which  is  a 
general  iinalysis  of  the  trials  of  these  screws  for  C'C  lbs,  thrust.  For  this 
thriiat  the  revolutions  equal \-  22p. 


TABLK  Xin. 

ID   AKD    ExremilBNTlL  IlErOLfTIO 

t  SciiKwa  roft  5-6  Lbs.  Thbcst. 
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The  screw  z  is  hyjiothttieil  l«iiig  jiniiwitioned  fmra  tlie  C  value  of  h. 
If  the  formula  Q  +  l^p  )  v' T  be  multiplied  by  the  pitch  it  gives 

the  udTance  in  feet  per  minute.  For  h%  Iba.  thvust  tJiia  is  HID  +— ,i- 
(D  being  diameter  and  P  pitch  in  feet).  One  term,  IIID,  is  constant, 
the  other,  -^^^i"'  ^""^^  ^'^''  ^^  square  of  the  pitch. 

If  it  be  assumed  that  this  formnia  is  true  for  all  pitch  rntioa,  and 
from  it  the  curve  of  advance,  CG  of  Fig.  10,  be  traced  out,  the  curve  will 
cut  tbo  axis  of  ordinatea,  when  the  pitoh  ratio  has  become  zero,  at  a  height 
HID.  In  the  diagram  this  height  is  theequivalentof  lllD  iu  knoUper 
hour  =  1-324.  The  question  naturally  arises — Has  this  any  physical 
meaning  ? 

It  has  been  stated  already  that  a  screw  of  given  disc  area,  speed  of 

advance  and  slip,  has  a  maximnm  limit  of  thrust.     It  follows  also  from 

this  that  any  screw  with  given  speed  of  feed  and  thrast  has  a  minimum 

speed  of  advance.    This  speed  of  advance  V  (=^  t\  +  S,  f,  being  the 

AVS-v 
speed  of  feed)  can  be  found  from  the  equation  0 ■  =  T  of  Froposition 

VI.,  with  a  C  value  ^  unity. 

It  is  remarkable  that  VilK  knoL«,  with  O^fiS  knots  sixK;d  of  feed, 
which  was  the  speed  of  the  current  in  the  tank,  gii'cs  just  5'i)  llsi.  thrust 
for  a  stream  of  the  same  disc  area  ns  these  screws,  tiius — 
Disc  area  ~  area  of  boss  ^  I'lOo  square  feet. 
Thni8t=  1-105  X   1-324  X  (1-324  —  0-G.^)  x  G'o  =  5'(;. 
It  onght  to  be  stated  that  the  empii-icol  formula  was  found  in  the  first 
instance  to  cover  the  revolutions  in  the  ejcperiments  and  that  this  point 
was  led  up  to  by  precisely  the  mode  of  reasoning  given.     This  position 
was  by  no  means  reasoned  from. 

The  minimum  limit  of  advance  just  referred  to  is  for  a  pitch  ratio 
indefinitely  reduced,  but  each  pitch  ratio  has  a  niiuimum  limit  of  its 
own  greater  than  this.  This  will  be  seen  by  the  fall  iu  0  values  with 
increase  of  pitch  in  Fig.  10,  Plate  31,  and  their  approach  to  limiting 
values  as  shown  in  Fig.  U,  Plate  30.  This  minimum  advance  ap])ears 
lo  coincide  approximately  with  that  which  would  l(e  given  by  Rankine's 
calculation. 

A  very  little  consideration  will  show  that  it  is  impossible  to  lay  down 
anyparticnlarsetof  ratios  giving  the  values  of  0  for  screws  with  different 
surface  ratios  or  with  different  nnmlKd's  uF  bludcs  of  the  same  pattern. 


Iflfi 
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The  relation  which  suhBistBbctiveeiiitOTnhieB  for  screws  of  one  pitch  ratio 
with  (iifllreiit  iiutnljerH  of  the  sume  blades  tiepcods  upon  tlie  particular 
Tiiliie  of  C  for  any  one  of  the  BtTt-ws.  The  position  of  that  point  on  the 
curve  being  fixud  the  value  for  the  others  may  bo  duterniined,  bat  these 
Talnes  hold  for  that  pit*;h  ratio  only.  For  other  pitch  ratios  they  fall 
upon  dlQcrent  parts  of  the  curve  and  hin'e  dififercLt  values.  The  follow- 
ing are  examples : — 

TABLE  XIV. 
Table  op. the  RsLirrrB  C  Valdbb  of  Scbbwh  with  biffsbbnt  NmBBoa  ob 
Uladeu  of  tub  bamb  and  of  utrFHMiNT  Pitch  EAitoa  a 

UV   KXFEIIIllEIiT, 
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Four. 

Tl™. 
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Samaasa 

1-00 

fr^sea 

O-GSS 

1-25 

i)o.   / 

1-00 

0.810 

0-617 

1-25 

Do-   / 

1-00 

0765 

0656 

2-00 

The  modiduB  C  Ireconies  unity  for  all  surfiice  ratios  when  the  pitch 
ratio  is  indefinitely  decreased,  so  that,  if  a  Ecries  of  citrveB  for  the  valaua 
of  0  for  different  surface  ratios  be  drawn  relatively  to  the  pitch  ratio  as 
abscisaiB,  aa  in  Fig.  10,  they  will  osculate  at  zero  pitch  ratio,  diverge  with 
increase  of  piCvli  ratio  np  to  a  certain  point,  and  it  may  be  rensonably 
concluded  that  they  would  re-appnjach  each  other  and  finally  re-osculate 
as  the  pitch  ratio  is  iucreuscd  indefinitely.  Curves  of  their  actual  values 
for  certain  surfara  ratios  and  patterns  of  blades  are  ehowu  by  the  curves 
D  1)„  D  Da  and  D  D,  in  the  diagram  referred  to.  All  are  hypotheticaliy 
continued  to  the  axis  of  ordinates  on  the  samo  piinciple  as  that  for 
the  c  h  series  with  four  blades,  viz. : — the  curve  D  D,. 

For  practical  purposes  of  comparison  for  small  variations  of  similarly 
distributed  surface  io  screws  of  the  same  pitch  ratio,  C  may  be  regarded 
as  varying  with  the  square  root  of  the  surface  ratio,  but  this  is  a  rough 
approximation  only. 

Varying  Pilehee. — ^The  preceding  relates  to  screws  of  uniform  pitch, 
but  the  Game  may  be  held  aa  true  for  those  with  iiou-tmiform  but 
equivalent  mean  pitches.  Such  screws  may  be  divided  into  two  main 
classes  in  regard  to  the  pitch's  mode  of  variation,  namely — 
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((I)  T]iepitchTarying(generrtlly  increasing) from  boBS to cirotinifercncc. 

(ft)  The  pitch  incrciising  from  Jcadiiig  to  following  edgo  of  blade. 

In  some  screws  the  two  modes  (a)  ftnd  (fc)  are  combined  and  sometiniea 
— moBt  probably  thu  result  of  uecideut  ratlier  than  design — the  pitch  lit 
the  boas  exceeds  that  at  the  jjeriphery. 

The  turning  mumeiitB  of  model  cxpcrimeiiis  indicate  that  in  claas  (n) 
the  equivalent  mean  pitch  ia  -— c   in  whieh  S  rp  means  the  sum  of  the 

radii  at  equal  intervals  each  multiplied  by  the  pitch  at  that  raditis,  and 
S  f  the  sum  of  the  radii.  The  revolutions  of  such  a  B<;rew  are  equal  to 
the  revolutions  of  one  of  equal  diameter  having  an  equal  quantity  of 
similarly  distributed  surface  and  an  equivalent  uniform  pitch,  both  being 
tried  under  the  same  conditioiis. 

Mr.  Ishenvood'a  exiierimeots  indicate  that  in  screws  with  pitches  of 
class  (6)  the  mean  pitch  referred  to  the  turning  moment  is  the  arithmetical 
mean  of  the  two.  Referring  to  Tables  III.  and  IV.,  as  was  shown  under 
Proposition  II.,  the  relation  between  the  mean  prcEsni-es  for  any  epoed  in 
Tabic  III.,  and  for  the  same  speed  in  Table  IV.,  was  us  I'O  to  I'SO.  The 
set  of  screws  under  Table  III.  had  a  uniform  pitch  of  5'IG  feet  and 
those  under  Table  IV.  had  pitches  varying  from  (i'a  to  7"5  feet.  Now 
5'IG  :  7  ^  1  :  1'35C  —  practically  the  same  as  the  ratio  of  the  piston 
pressures. 

An  examination  of  the  resnlts  of  Mr.  Isherwood's  two  screws  A  and  G 
shows  the  i>erformanee  of  G  to  he  very  high.  Though  its  mean  ])itch  is 
7  feet  agiiiust  5'10  in  A,  its  slip  is  practitally  the  same,  viz.,  14"D  per 
cent.*  As  has  been  already  stittt.'d,  however,  slip  is  due  to  the  ultimate, 
not  to  the  mean  pitch  bo  that  ifei  slip  ought  to  ho  calculated  ou  7"3  feet 
pitch  instead  of  7  feet  pitch. 

It  would  thus  appear  that  the  supposition  that  an  a.vially  increasing 
pitch  is  an  advantage  is  borne  out  by  this  experiment,  since  the  turning 
moment  is  that  proijortional  to  the  mean,  and  the  slip  ia  that  due  to  the 
nltimate  pitch. 

NoTR. — It  iiuiy  be  well  to  call  attention  to  the  tact  that  iu  a  screw  wboie  pitch  varies 
ID  tlie  iDodt;  (a),  thu  working  face  of  which  is  swept  out  b;u  lath  moved  over 
t«inplBU«  ut  the  bo8i  and  periphery,  the  pitch  dues  nut  increast'  uiiifuruilj  from  the 
boM  to  the  peripherj  \  bat  that  if  a  pitch  curve  be  drawn  such  as  0  p  Pin  Fig'.  11, 
Plate  28,  it  showa  tbo  pdtch  to  increase  verj  rapidly  nitb  incrcaao  cif  I'adius  towards 
the  root  and  much  l(»a  rupldlj  towards  the  periphery.  What  is  meant  by  a  pitch 
curve  is  a  cun'c  snch  tliat  the  distance  r  p  DicoaunKl  from  the  vertical  ails  O  Y 
parallel  to  the  axis  of  the  screw  0  X  at  any  radius  0  r  is  proportional  to  the  pitch  at 
tliat  radius. 

•  S«!  foot  tiotit.  page  1S2. 


l!l8  HKACTION  and  KfCJiilKSCV  OP  THB  SCIIF.W  ruOPET.LKlt. 

Ctirvaltire  of  Developing  Surjact,  etc. — Expcrimeiita  wtrc  tried  at 
Forth  Banks  to  asccrtiiin  the  i/fiecb  of  ciirviktiirt?  of  blade  aad  of  its  posi- 
tion oc  the  boss.  Thu  set  of  models  eijierimented  upon  were  of  the  same 
diunivler,  pitch  ratio  and  surface  ratio,  aud  each  with  its  surface 
similarly  distributed  relatively  to  ils  itiomeut  mund  the  axis.  The  results 
of  these  experiments  showed  that  in  undisturbed  water  itnd  with  Iree 
feed  blades  iuclincd  fornurd  or  backward  in  an  asial  direction  and  blades 
concave  like  u  sickle  towards  the  direction  of  rotation  or  curved 
backward  convesly  towai'ds  the  direction  of  rotiition  were  equal 
in  etfoct  to  a  simple  Bymnittrical  blade  within  the  limits  of  the 
expcrimouts.  From  this  it  ai)pear3  clear  that  any  two  screws 
of  equal  diameter,  pitch  and  surface,  so  lou^  as  the  surfaces  be 
similarly  distributed,  will,  under  the  same  cireumstanees,  give  the  same 
i-esult  irrespective  of  the  distribution  of  the  surface  in  other  directions. 
In  the  ease  of  the  two  screws  being  applied  to  ships  the  reaalts  might  be 
different,  as  it  is  a  clearly  ascertained  fact  that  the  further  the  screw  be 
moved  aft  from  the  ship  the  more  effective  will  it  Ik^s  a  propelling 
instrument,  so  that  throwirtg  the  blades  lackward  on  the  boss,  which  is 
equivalent  to  moving  the  screw  Ixjdily  Iwick,  might  reasonably  be  ex- 
pected to  give  a  higher  propulsive  effect  than  blades  wholly  central,  but 
this  is  eqiiivaleot  to  screws  working  under  different  circumstances.  The 
circmnstanccs  might  be  the  same  as  fiir  us  propelling  similar  ships  is 
concerned,  but  widely  different  as  to  tiio  freedom  of  the  feed. 

Fluid  Fricliun  on  HIadi-s  and  Edgs  Resitfancf. — Dr.  Froude's  experi- 
ments, the  results  of  which  he  made  public  in  1872,  show  that  the 
co-efficient  of  friction  decreases  with  inci'ease  in  length  of  surlaoe  and 
that  with  ordinary  iminted  or  varnished  surfaces  it  varies  with  the  I'SJi 
power  of  the  I'elocity. 

Co-efficients  deduced  from  these  experiments  will  he  found  iu  the 
Api»ndix  to  this  pajier  iind  in  the  dijigram,  Fig.  12,  Plate  32. 

In  Ibe  caluulnlion  of  the  frictional  resisfance  oT  screws  it  lias  l«en  an 
(rpen  fiuoHtion  whether  the  helical  path  of  each  clement  should  be  taken 
as  having  a  pitch  equal  to  the  screw  or  that  pitcli  less  slip.  The  latter 
view  was  adopted  by  Dr.  Froude  in  the  text  of  his  paper  of  1S78,  but  he 
stated  aflei'wardB  in  a  note  to  the  same  }iapcr  that  he  had  changed  hlB 
opinion.  By  later  cxi*rimcnt,  however,  he  ffmnd  that  the  inchnation  of 
tlie  blade  to  the  line  of  motion,  or,  in  oth2r  words,  the  slip  ap^ieared  con- 
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sidei-aUy  to  modify  the  frictiorml  rcBiatance,  aa  mipht,  iierha|«,  lookiog  at 
the  Bubject  after  the  fact,  be  reasonably  expected.    Quoting  his  own  words, 

ExperimcnU  •  •  .  Bltowconduurely  tlmttheilecreusoineffiinGlTcy  conKeqacntoa 
inomuctl  Bli|>  witli  Bcraua  of  ordiii&t?  proportiini  is  tcaxeeij  perceptible  evi?ii  wlicu  the 
dip  is  ai  large  as  30  per  cent,  with  the  icrDU'  n'orkinj;  iu  uiiiliiturbcd  wat«r.  Tlie 
Tcialts  u  tlmpcd  thcFinsvlvM  u  to  point  to  the  conclmioo  tlut  fur  aomc  reason  nr  other 
the  ei)-effii^itnC  of  anrfoco  friction  began  to  diminish  wlien  tlie  alip  ratio  bcoame  m 
mncli  u  15  p«r  cent.,  and  was  ahiiut  hBlved  wliun  the  slip  nlio  vas  3D  per  emit. ;  and 
as  it  appeared  ni>t  iutprubable  tliat  witli  iticreasing  slip  d  inorc  or  le«s  pronouncrd  cdd; 
iul§^ht  becOTQc  eslablished  at  the  hucV  of  the  blade  so  as  more  nr  less  ci»aph>tclf  to 
neutralise  the  friction  on  tlic  snrfacc.  a  roug'U  eiperiinent  was  tried  b;  moving  a  plane 
obliqadj  through  the  water  nitb  variuns  angles  of  alip,  and  in  a  position  trbere  the 
effect  could  be  obwr^ed ;  nnd  in  jwiiit  of  fairt  it  Kppoarcd  tliat  when  the  angle  between 
tbe  pbine  and  its  line  of  motion  was  nbiint  10  dcgrfes,  the  water  at  its  back  hwl 
muumed  tbe  form  of  an  eddy,  havin^^  near);  the  speed  of  tbe  phino,  and  that  it  in  fact 
overran  the  plane  wben  tbe  Kngle  was  increased  tu  Is  decreet).* 

It  appears,  then,  tlint  if  the  convention  nf  calculating  the  friction  for 
the  helix  wliose  pitch  is  the  pitch  of  the  screw  lesa  the  araouot  of  alip 
per  revohition  be  adopted  the  I'esulw  will  agree  closely  with  Dr.  Fronde's 
esperimcnt. 

It  i8  qnite  possible  that  there  is  another  cattso  of  the  greater  apparent 
friclional  resistance  at  low  slips  which  does  not  apjicar  in  the  explanation 
just  given,  viz.,  the  edge  resistunce  is  much  greater  at  low  than  at  high  slips. 
If  a  screw  of  nuiform  pitch  as  regards  its  working  face  be  moved 
through  the  waUsr  without  slip  relatively  to  this  face,  the  only  resistance 
due  to  this  side  will  be  frictional.  With  the  hack,  however,  it  is 
different.  As  will  Ite  seen  by  reference  to  Fig,  14,  Plate  34,  the  side 
c  a  enconntere  resistance  due  to  the  impulse  impressed  upon  the  water 
in  its  path  ;  and  a  screw  so  moved  would  le  working  with  true  nega- 
tive slip  anil  wonlrl,  from  this  cause,  have  negative  thrust.  Now,  let  it 
be  supposed  that  snch  a  section  as  is  shown  iu  Fig.  14.  instead  of  moving 
in  a  path  a  b  parallel  to  its  face,  is  moved  in  a  new  path,  a,  b„  as  in 
Fig.  15,  such  that  the  lines  c  d  and  e  f  (drawn  ]«iralle]  to  a,  6i  and 
enclosing  the  blade  section)  ^lull  be  eqtii-distant  from  a^  6, ;  then  if,  for 
the  sake  of  argument,  it  l)e  assumed  that  the  normal  resistance  to  a 
plane  moving  in  a  [Mth  oblique  to  it«  surface  is  proportioual  to  the 
sine  of  the  angle  of  inclination,  then  the  normal  stress  [wr  square  font 
doe  to  reaction  on  the  face  g  e  would  equal  the  mean  of  the  normal  stresses 
per  square  foot  on  the  curve  f-  g.  .Supfiose  these  repi-esented  by  A  t  and 
i^i  ii  and  their  components  resolved  parallel  to  the  screw's  axis  by  A  /  and 
ii  ^,  the  forward  thrust  would  he  \h  —  /,  A,,  which  iu  siich  a  case  as  that 
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I'lBpwimd  in  tbe  diignin  would  he  BcgitiTC.  Eton  /|  it,  »  eridentl^ 
Iter  thui  fi.  B7  msldplTiBg  tfaoe  pcsitiTe  and  negative  tmit 
■m  ncfa  bj  its  leqieetive  aarftoe  it  tppetu  as  if  in  this  case  tlie 
f  BegBttre  woold  be  oT«r  SO  per  oeiA.  of  the  poa'tiTC  thnut ;  but,  u  the 
■tion  H  not  directlj  witb  llie  mttmx,  it  voald  prohMj  cotuidcnblj 
exceed  ttm  peiceittafe.  The  di^mn  ■  dnwn  to  Rale  for  »  section  at 
two  feet  radioa  of  a  aciew  10  feet  dnnetcrnnParlo  tbe  modd/and  for 
aalipoTlfi  percenL  Before  edge  wahtaoeeaad  tbe  nefatire  thnat  cod- 
•eqncni  upon  it  coold  be  got  rid  of  for  this  aectioo  of  tiie  ecnw,  it  woald 
be  retiaimi  to  move  in  the  line  ;  m.  or  wnb  a  slip  of  73  per  c«at.  Of 
oonise  sections  at  larger  radii,  being  thinner,  offer  oonsider&hlj  loss  et^e, 
bot  there  is  to  set  ag^nst  this  their  moving  at  angles  more  acnte  to  tbe 
direction  of  rotation  than  the  section  shown. 

It  wonld  thus  appear  that  edge  resistaDoc  is  by  no  means  an  item  to 
I  be  n^ected  in  the  consideration  of  a  screw's  action,  and  that  in  many 
Efl  where  cotnpnratively  large  screivs  arc  a[ip)icd  to  vessels,  and  oon- 
■eqnently  work  with  &  low  pcrcenti^  of  tJip,  the  loss  from  this  caose  ia 
probably  voiy  great.  For  eiample,  in  the  "Iris's"  first  screws,  which 
worked  with  an  apparent  slip  so  small  na  to  be  negative  when  referred  to 
the  mean  pitch,  so  far  ns  can  lie  jadgcd  fi-om  thescrew'sseclionsillnstrated 
in  Mr.  Wright's  paper  on  that  vessel's  trials,  the  central  sections  of  the 
blades  must  have  been  plongliing  throngh  the  water  with  a  decidedly 
negative  thmst.  In  Fig.  16,  Plate  Ai,  one  of  the  sections  is  shown. 
A  A  is  tiie  direction  of  its  motion  through  the  water." 


The  only  available  data  by  which  an  estimate  of  the  edge 
of  a  screw  can  be  made  by  comparison  with  the  resistance  of  bodiea 
of  similar  fnrm  appear  to  be  in  the  now  ancient  volume,  BeanlbylB 
"  Nautical  Experiments." 

Beanfoy's  experiments  were  made  upon  bodies  wholly  immersed  and  a 
large  number  of  forms  were  tried:  those  which  are  appropriate  to  tlie 
prtflcnt  purpose  are  shown  in  Figs.  17  to  23,  Plate  35  ;  the  transverse 
Bcctions  of  ail  were  rectangular. 

These  ixxlies  were  tried  at  various  Hpecds  from  one  to  eight  knot«  per 
hour.  Their  friclional  resistances  were  then  estimated  from  data  furnished 
by  independent  trials  on  planks  and  dedueted  from  the  total  resistances 
found  by  direct  experiments.  The  remainders  were  what  Bcaufoy  called 
the  "plus"  and  "minus"  resistances,  or  those  due  to  head  and  stern. 

■  Tliis  Bulijii't,  in  rt'fprpiirc  U>  tlie  '■  Iris's "  trial",  »  considraal  by  M.  Normuid  in 

a  paper  nsul  More  lUo  IiiH.  Nuvnl  ArcliilccW,  lft79. 
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la  Ilia  estimates  for  Iriction  no  allowance  was  made  for  the  variation 
due  to  difference  in  length;  and  the  apparatus  with  which  the  experi- 
menta  were  made  was  far  short  of  the  refinemeuta  of  Btich  estahlishmenta 
as  that  at  Torquay,  but  the  care  eserciBed  was  such  that,  with  email  allow- 
ances, the  results  may  be  accepted  as  reliable  data,  at  least  until  such  time 
as  more  modern  experiments  supply  better.  It  is  difficult  to  deduce  from 
Beanfoy's  experiments  any  accurate  general  law  by  which  the  resistance 
Taries  with  the  angle  of  entrance,  but  the  variation  is  with  the  square  of  the 

speed,  and,  for  practical  purposes,  the  empirical  formula  E  ^  —  ;   '^ — - 

ip  which  R  is  the  head  resistance  in  Ibf  per  foot  depth  of  section,  V  the 
velocity  in  feet  per  second,  W  the  width  in  inches  of  the  section 
measured  from  the  line  of  motion  at  widest  part  and  0  the  entering  angle 
measured  fi-om  the  line  of  motion  may  he  nsed.  Properly  speaking,  K 
is  for  an  arc  bow  and  an  angular  rtm. 

Fig.  13,  Plate  33,  is  a  diagram  by  iuapection  of  which  the  amount  of 
friction  may  be  ascertained  quantitively  as  regards  screws  of  the  same 
pattern  as  (he  e  k  aeries  10  feet  diameter  when  working  at  100  revola- 
tions  per  minute.  The  total  power  absorbed  in  friction,  the  axial  com- 
ponent of  that  power  and  the  jwunds  of  thrust  reduction  or  drag  are 
given.  For  other  bct'cwb  of  similar  patterns  but  of  different  dimensions 
and  for  other  speeds  the  powers  are  proportional  to  the  4'83  powers  of 
the  dimensioiis  and  to  the  3'83  of  the  speeds,  aud  the  thrust  reduction 
is  proportional  to  the  3'83  powers  of  the  diameters  and  to  the  1'83 
powers  of  the  speeds. 

The  preceding  may  be  made  the  basis  of  a  practical  method  of 
calculating  the  resistance  of  screws  for  the  propulsion  of  ships,  but,  in 
doing  so,  it  must  not  Im  forgotten  that  a  screw  propelling  a  vcs^l  is 
under  very  different  conditions  from  a  model  working  in  undisturbed 
water,  although  the  law  fa  n  a  -e  precisely  the  same  for  both.  In- 
stead of  working  in  a  free  am  ks  in  water  which  has  been  put  in 
motion  by  the  vessel.  Tie  f  d  1  not  flow  towards  the  screw  in 
straight  lines  parallel  I  a  s  f  I'otation,  but  obliquely,  laterally 
and  upwards,  The  scrci*  n  ka  n  wa  r  with  a  forward  motion  relatively 
to  the  surrounding  mass,  and  the  feed  has  consequently  a  lower  speed 
than  that  of  the  ship.  This  is  equivalent  to  an  increase  in  efficiency 
in  the  proportion  of  V,,  the  speed  of  advance  which  the  screw  would 
have  required  with  a  feed  equal  to  the  speed  of  the  ship,  to  Y,  the  actual 
speed  of  advance  of  the  screw. 
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Again,  the  feed  is  drawn  awaj  from  the  stern  of  the  ship,  which  i 
the  hydraulic  pressure  at  the  steni  to  be  lees  than  it  woold  be  if  the 
were  towed ;  which  is  equivalent  to  an  uagmcntatton  of  the  reseel'R 
resistance.  From  model  experiments  Dr.  Fronde  found  this  to 
reach  40  and  even  60  per  cent,  of  the  vessel's  own  resistance,  but  the 
amount  depends  on  the  screw's  position  relatively  to  the  ship.  This  aup-i 
mentation  of  rfisistance  is  rapidly  rednced  by  moving  the  screw- astern  ij 
and  Dr.  Froudo  estimated  that,  if  it  could  be  placed  at  a  distance  equal  to 
one-quarter  of  tlie  ship's  beam  abaft  the  stern,  the  loss  from  this  catm- 
would  be  reduced  to  about  six  or  eight  per  cent.' 

The  effect  of  the  speed  of  wake  on  the  screw's  performance  is  generally 
less  marked  in  twin  screw  vessels  than  in  those  with  single  screws  and 
they  also  offer  special  facilities  for  lessening  the  "thtast  deduction' 
the  loss  just  referred  to  has  been  called. 


Efficiency  of  tht  Seme. — By  "  efficiency  "  is  not  meant  efficiency  of 
propulsion  which  is  a  different  thing  and  of  which  the  screw's  efficiency 
is  an  important  factor  but  is  only  one  amongst  many.  It  is  the  mechan* 
jcat  efficiency  or  the  relation  of  useful  to  total  work,  or,  in  symbols,  if 

be  the  total  thrust  power,  F,  the  trausverse  component  of  the  work 
expended  in  friction  and  edge  resistance,  F^  the  axial  component  of  that 
work,  G,  the  gross  work  and  V  and  S  speeds  of  advance  and  slip,  then 
the  efficiency- — 


or  since  0„ 


-T,  +P,  ,  E  = 


T.  (V-S)-P.V 

'                 T.  +  1', 

V  cr,  +  r,  J 

^H  Traced  ont,  this  equation  givee  a  carve,  such  as  those  shown  by  the  lioa 

^H  BB  in  Fig.  24,  Plate  86,  with  a  negative  ordinate  for  zero  slip.    The  effi- 

^H  ctency  rises  very  rapidly  with  increase  of  slip  and  reaches  a  masimmu 

^1  height  at  from  15  to  20  per  cent,  of  slip  afterwhicli  it  falls  slowly.    Screws 

^H  of  the  r  k  type,  of  the  three  different  pitoh  ratios  l-2o,  1'35  and  1*5, 

^H  whose  efficiency  curves  ore  drawn  in  Fig.  24,  show  little  difference  in 

^H  efficiency;  but,  what  difference  there  is,  is  in  favour  of  the  screw  of 

^H  greater  pitch  ratio.     From  this  it  appears  that  on  the  ground  of  effi- 

^^k  dency  there  is  little  ground  for  preference.    On  the  assumption  that,  by 

^H  the  use  of  strong  material,  the  section  can  be  so  formed  as  practically  to 

^H  ■  Sw  Dr.  Froude'e  paper  and  diMuBsinn  tbereon,  Qii  "Ratio  of  Effective  to  Total 

^^L  Indicated  Uone  Pover,"— /lue.  Ifavat  ArchiUvU,  1S7S. 
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dispenao  with  edge  reBistaoce,  the  set  of  curves  marked  A  A  in  Fig.  24, 
has  been  diawn ;  these  curves  iudicate  that,  especiatly  at  low  slips,  this 
ia  a  great  advantage. 

To  show  the  variation  of  masimum  efficiency  with  pitch  ratio  more 
clearlj,  the  curve  in  Fig.  2o,  Plate  35,  has  been  dmwn,  ghowiog  Ihe  efficien- 
cies for  pitch  ratios  up  to  3  for  a  slip  ratio  of  20  per  cent.  This  indicates 
the  pitch  ratio  of  maximum  efficiency  for  this  design  of  screw  (namely 
c  i  models),  to  be  somewhere  ahoat  17,  but  that  its  varintiou  for  the 
range  of  pitch  ratios  between  1  and  2  is  only  8  per  cent.  In  drawing 
this  curve  edge  resistance  has  been  neglected.  It  must,  however,  be 
clearly  understood  that  these  curves  refer  especially  as  regarda  their 
values  to  the  class  of  screws  tor  which  they  are  drawn,  but  that  their 
genei-al  characteristics  are  trae  for  all. 

It  was  stated  (nnder  Proposition  VL),  that  a  diagram  such  as 
Fig.  7,  Plate  38,  is  sufficient  to  give  the  thnist  fur  any  slip  ratio.  This 
statement  was  understood  to  he  independent  of  any  consideration  of  fluid 
friction  or  other  losses.  The  effect  of  these  losaea  is  to  lower  the  thrust 
curve  below  the  line  A  C  and,  since  edge  resistance  \b  greater  at  lower 
slips,  the  curve  becomea  very  concave  towards  the  base  for  low  slip  ratios, 
and  ultimately  the  positive  thrust  becomes  leas  than  the  negative  thrust 
and  the  curve  dips  below  the  slip  asis,  and  its  ordiuotea  become  negative. 
The  form  is  that  of  the  dotted  line  D  E  in  Fig.  7. 

Efficiency  of  Propulsion. — Screws  are  approximately  equal  in  efficiency 
for  a  wide  range  of  pitch  ratios,  and  so,  for  special  purposes,  almost  any 
pitch  ratio  within  the  ordinary  limits  of  practice  may  be  chosen  as  giving 
efficiency  practically  equal  to  any  other,  but,  generally,  certain  principles 
point  clearly  in  one  direction  for  the  determination  of  the  most  suitable 

In  designing  the  propelhng  machinery  tor  apy  vessel,  there  is  one 
main  object  to  be  kept  in  view,  viz.,  economy. 

This  may  be  refemble  to  propelling  the  vessel  at  a  given  speed  at  the 
lowest  possible  cost;  a  consideration  involving  the  current  working  ex- 
penses sncb  as  the  costs  of  coal,  stores,  repairs,  attendance,  interest  on 
capital  invested,  inaurauce,  and  of  carrying  the  machinery,  coal  and  other 
stores  as  cargo  (because  if,  by  any  reduction  in  weight  of  machinery  or 
stores,  more  cargo  could  be  carried  it  would  bring  in  a  return  as  an  in- 
crease in  interest);  this  is  again  deiwndent  on  the  relative  costs  of 
machinery,  coal,  stoi'es,  repairs,  laliour  and  freight,  which  again  depend 
on  temporary  conditions  of  the  market,  the  length  of  voyage  and  the 
vessel's  trading  area  i  but,  these  conditions  being  known,  the  problem  ia 
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one  which  HdmiU  of  an  approximate  solution ;  in  its  entirety  it  is  ont  of 
the  soope  of  the  present  paper  but  the  general  tendencies  can  be  indicated : 
or, 

The  economy  insy  be  referable  only  to  the  standaid  of  weight ;  this 
admits  of  a  much  simpler  solution. 

It  is  dear  that,  all  else  being  equal, — 
The  total  weights  and  cost  of  the  machineiy  and  of  coal  used  vary 

inTersely  with  the  screw's  efficiency ; 
The  weight  and  cost  of  the  engine  vary   inversely    with    the 

revolutions ; 
The  revolntions  increaBe  with  decrease  of  pitch  i-atio  : 
The  diameter  of  the  screw  decreases  with  increase  of  slip  ; 
The  revolutions  increase  with  decrease  of  the  diameter  of  the  screw 

and  with  increase  of  the  slip  ratio :  and,  therefore. 
The  weight  and  cost  of  the  engine  decrease  with  increase  of  slip 
and  with  decrease  of  pitch  ratio. 
Commencing  with  a  screw  of  masimum  efficiency  with  the  object  of 
augmenting  propnlsive  economy,  it  is  necessary  to  decrease  the  pitch  and 
increase  the  slip  ratios.  Consequent  on  such  modification  the  weight  and 
cost  of  the  boilers  and  fnel  will  be  increased  and  the  weight  and  coat  of 
the  engines  decreased.  For  weight  economy  there  will  be  an  advantage 
80  long  as,  for  small  variations  in  the  screw's  proportions,  the  increments 
of  the  weight  of  boilers  and  fuel  are  less  than  the  decrements  of  the 
weight  of  the  engines;  but,  when  that  point  is  reached,  when,  for  small 
variations  of  the  screw's  I'ropoitions,  the  increments  and  decrements  of 
the  said  wcighte  are  eqnal  tn  each  other,  the  maximum  of  economy  haa 
been  attained.  The  same  principle  holds  with  regard  to  economy  of  cost, 
but  the  increments  and  decrements  of  the  costs  must  be  studied  in  place 
of  the  weights  only. 

The    following   example    will    illustrate    the   principle   for  weight 
economy : — 

Total  wtight  of  macliinerj  itc.  800  toni, 

ItidicatFit  borsc-pDM'cr  8,000 

Consumptinii  per  I,H.F.  per  hour S-2S  lbs. 

iPitchmtio 1'30 
^"P""'"  O-^" 
Efficiency ...  0-60 
Fomi  aiiDilar  to  e  it  tcri«i 

Weights  of  machinery  distributed  as  follows  :— 

Eiigiiio,  ke.  ...  0'375\ 

Boilers,  Jcc.  0626 >  of  total 

Constant       0100  J 
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The  following  tabular  statement  illustrateB  the  variation  of  the  weights 
with  the  Blip  ratio  and,  Baauraing  that  the  difference  is  made  up  in  fnel, 
the  effect  upon  the  eteaming  endurance  of  the  vessel. 
TABLE  XV. 


i 

13 

"                ^          1         g 

R.T,o.«W«o««. 

r 

IXCSUMD                 '  "is 

Fuel    1        aum™        [-^^t 

^. 

1 

ToUl. 

^.    h™. 

m^ 

O'60Ol  1-000  1-000 
0'62*  0-906;  1-1-15 
0-640  0-706' 1-552 

0-375 

0-625    0-100 

1-000 

BOO 

...       36-0 

« 

0-315 

0505    0-100 

0-920 

786 

64       8-275 

148-00  43'B 

» 

0-2a4 

0-492    0-100 

0826 

6G1 

139     18-410  831 -5o'  722 

25 

O-eSs!  0-679  3-000 

0-177 

0-497    0-100 

0-774 

610 

189   i»l-860^  447-10 107-B 

30 

0-620  0-4S7|  2-614 

0-144 

0-608    0-100 

1 

0-752 

602 

198     25-410  4B7-loW5 

I 


Since  the  date  of  the  "  Iris's"  trials,  when  the  fact  that  large  screwa 
and  efficiency  of  propulsion  did  not  go  hand  in  hand  was  so  forcibly 
demonstrated,  the  relative  diametei-s  of  screws  in  this  class  of  vessels 
have  been  rapidly  rednced,  until,  in  the  case  of  H.M.S.  "  Howe,"  the 
screw's  disc  area  was  only  about  ^nd  of  the  wetted  akin  (which  is  an 
approach  to  the  proportion  adopted  in  ordinary  cargo  steamers)  as 
against  about  double  that  proportion  in  the  case  of  the  "  Iris's"  smaller 
screws.*  It  n-ould  appeal-  from  the  calculation  whose  results  have  just 
been  given  in  Table  No.  XV,,  which  is  not  quite  a  hypothetical  case, 
that  the  ratio  might  be  still  further  i-educed  with  increase  in  iveight 
economy,  (See  Fig.  26,  Plate  37.)  This  sai-ing  in  weight  of  machinery 
might  be  applied  to  increase  the  armament  in  the  case  of  war  vessels  or. 
as  in  the  illustration,  to  increasing  the  steaming  endurance  of  the  vessel, 
but,  concurrently  with  this  improvement,  there  ought  to  be  also  an 
economy  in  first  cost  with  rednction  of  weight. 

Other  imi)ortanL  points  might  be  discussed,  but  having  attempted  bo 
place  certain  fac(«  respecting  a  screw's  reaction  in  a  clearer  light  and  to 
lift  others  out  of  much  obscurity  to  more  certain  ground  and  having 
indicated  very  briefly  what  method  of  applying  these  facts  is,  in  the 
WTiter's  opinion,  calculated  to  secure  greater  economy  of  propulsion,  it 
were  well  to  close  a  pajier  which  has  already  far  exceeded  the  bounds 
prescribed  by  prudence. 

*  This  atatcujeiit  U  inwle  witboitt  iavolving  the  gcnersl  manTDption  tbat  k  sh'ip'a 
reaiitaiice  U  proportiotial  to  its  wetted  aurface.     It  is  used  as  a  eonven 
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In  coiR-lusion,  thi!  writer  miiBt  eiqiresB  liia  hearty  thanks  to  Mr. 
F.  C.  Marshall  for  having  fully  placed  at  liis  disposal  the  expenmerital 
data  pogsesscd  by  the  Meesrs.  R.  &  W.  Hawthorn,  Leslie  it  Co.,  Limited, 
for  the  purpose  of  this  paper,  and  further  for  having  given  him  the  use 
of  the  cTijeri  mental  ap])aratus  in  order  that  the  fiirther  trials  whose 
results  are  now  embodied  in  the  paper  might  be  made. 


APPENDIX. 

1. — FLuro  Fbiction  on  Blades. 

The  most  reliable  data  on  the  subject  of  fluid  friction  are  to  be  fonm 
iu  the  late  Dr.  Froude's  paper  on  "  Surface  Friction,"  published  in  1872. 
It  is  a  report  of  hia  own  experiments  made  with  Iwards  of  various  lengths 
ftom  G  inches  to  50  feet,  and  with  surfaces  of  various  kinds.  Of  these 
Hay's  compoaitiou,  varnish  and  tinfoil  were  the  most  important. 

These  experiments  show  that  the  frictional  resistance  per  square  foot 
of  Borfacc  decreases  with  increase  of  the  length  of  surface  and  appenre  to 
approach  a  limiting  value  with  increase  of  length.  With  Hay's  compo* 
sition  and  vantish  it  varied  with  the  1'83  power  of  the  velocity  for  all 
the  lengths  of  surface  experimented  upon,  but,  with  short  surfaces  of 
tinfoil  the  variation  was  with  some  power  of  the  velocity  higher  than 
the  square.  For  surfaces  varnished  or  coated  with  Hay's  composition 
the  co-efficients,  or  the  resistances  per  square  foot  of  surface  moving  at  a 
vclccity  of  1  foot  per  second,  ai-e  as  follows  : — 

Length  of  Surface  50  Iti  5  ^'5  1-5  feet. 

Co-officielit  of  Friction  0<»59e  O'O0672  01X)88  0-00997  OfllO*  Ilw. 
These  co-efficionta  appear  higher  tlian  those  usually  given  but  the  reduc- 
tions have  been  made  on  the  l'»3  powers  of  the  velocities  and  the 
squares  of  the  velocities  arc  usually  taken  on  the  incorrect  assumption  that 
they  are  practically  the  same. 

The  co-efRcients  for  tinfoil  surfaces  appear  to  be  considerably  less  (in 
some  cases  30  per  cent.)  than  those  for  varnished  surfaces  in  short  planks 
at  speeds  about  fiOO  feet  per  minute,  but,  liy  tlieir  rapid  increaiie  with 
velocity,  the  former  tend  to  overtake  the  latter  at  higher  speeds. 

Colonel  Beaufoy's  experiments  made  in  1798  showed  that  for  the 
condition  and  lengths  of  surfaces  he  tried,  the  resistance  varied  with  the 
1-75  power  of  the  velocity,  the  co-efficient  for  long  planks  being  0"0049. 

The  frictional  co-efficients  for  varnished  surfaces  of  any  length  between 
1-5  and  lu  feet  may  be  found  from  Fig.  12,  Plat*;  32.  which  has  been 
consti-ucled  from  I>r.  Fiwude's  data, 
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2. — Ei>OB  Resiettance. 

In  the  following  Table  the  head  resistances  of  wedge-Bhaped  bodies, 
from  Beaufoj'a  experiments,  are  compared  with  V  sin  9  coa  6,  in  which 
0  is  tbia  augle  of  incidence  BAG. 


The  resiBtanceB  are  for  the  whole  section  B  D  E  P  which  was  ii 


cases  1  foot  aqnare. 

0 

UciwlRe- 

Blafl 

ca.e 

^Bmeooifl 

E*TI*l 

^1 

ss? 

^auieoo.0 

»"  a- 10* 

30-67 

0-1691 

0-9856 

0-403 

1-000 

1-000 

30-36 

11°  28'  *0" 

35  31 

0-2500  0-9682 

0-«2 

1-15E 

1'20S 

36-60 

19°  28-  15" 

«-71 

0-3333  0^128 

0-561 

1-361 

1-375 

4170 

80"    C    0* 

61« 

0-5000  0-8660 

0-658 

1-678 

1-618 

vt-oo 

In  the  last  column  the  resistances  are  calculated  from  R  =  I'lGl 


V  S  ^/  siu  e  COB  0,  V  being  the  speed  in  knots  and  S  the  section  in  gqnsre 
feet.  It  is  probable  that  the  resistance  does  not  vary  exactly  with  the 
width  ill  bodies  of  different  dimensionB  though  this  has  been  assumed. 

For  the  snm  of  liead  and  stem  resistances  of  bodies  with  similar  ends, 
the  variation  with  the  angle  is  in  a  higher  ratio  than  for  tiie  bead 
resistances  alone,  as  estimated  from  Beaiifoy's  data  and  given  above. 
The  snmB  are  given  in  the  Table  below. 


6 

iS-Mi-^^'S. 

kSS^^ 

-,..,.^ 

9°M'  10° 

32-1.^ 

1^ 

1-00 

14=  28'  W 

*5-«2 

1-42 

1-48. 

19°  28-  16' 

66-90 

1-77 

1-97 

30-    ff    0- 

90-3S 

2-Sl 
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Ab  small  angles  have  to  be  dealt  with  in  screws  (generally  under  1S°), 
probably  it  is  aufficieatly  accurate  for  pnicticat  purposes  Lo  assame  that 
the  resistatice  Taries  as  the  sine  of  the  angle  of  incidence  for  the  sum  of 
plus  and  minus  preseuree. 

An  examination  of  the  resistances  of  the  bodies  A  a,B  a  and  A  &  is 
interesting.  Both  the  ends  of  A  n  are  alike,  the  forward  end  of  6  A  and 
the  after  end  of  B  a  are  similar  to  those  of  A  a,  btit  the  ends  B  and  h  are 
formed  of  arcs  containing  the  same  angle  as  A.  The  results  are  aa 
follows  :^ 


32'13  1b». 

With  ti 

3019   „ 

...           AgBilUt 

m-m  „ 

With 

the  curved  entering  and  angular  following  edge  having  the  smalleBt 
regiatance.  The  forma  of  the  bodies  referred  to  are  shown  iu  Figs.  17 
and  J»,  Plate  a:.. 


The  PnESiDENT  said,  as  the  evening  was  now  very  far  advanced,  and 
as  there  were  several  gentlemen  who  wished  to  take  part  in  the  discussion 
upon  the  paper,  he  thought  it  wonid  be  better  to  adjourn  the  meeting. 

Mr.  B.  G.  NiCHOL  moved,  and  Mr.  Cmahlton  seconded,  that  the 
meeting  be  adjourned  until  that  night  fortnight. 

Mr.  Weightos  said,  if  the  discussion  was  to  be  adjourned  for  a 
fortnight,  it  would  be  only  fair  that  the  members  should  hare  copies  of 
the  paper  and  diagrams  by  that  time. 

The  Secretary  said  that  in  accordance  with  Bye-law  Sfi,  any  member 
who  had  wished  to  receive  a  copy  of  the  paper  before  its  being  read,  could 
have  had  such  by  writing  to  him.  He  feared  the  diagrams  could  not  bo 
got  ready  in  a  fortnight,  but  he  would  see  what  could  be  done. 

Mr.  AttTHUR  Laikg  said  the  diagrama  were  the  most  useful  part 
of  the  paper. 

The  President  asked  if  it  would  not  be  better  to  leave  the  matter  in 
the  hands  of  the  Secretary  ? 

Mr.  AnxHUR  Laing  said  he  still  thought  they  ought  to  adjourn  till 
such  time  aa  they  could  discuss  it  properly, 

Mr.  Weighton  said  that  the  paper  should  be  printed  with  all  the 
diagi-ams,  even  should  the  meeting  be  put  off  further.  This  on  being  put 
bo  the  meeting  was  carried. 
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Diagram  of  Power  expended  in  Friction. 
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PEOCGliDItraB. 


N0ETH-EA.8T   COAST    INSTITUTION   OF   ENGINEERS 
AND  SHIPBUILDERS. 


Third  Sbbbion,  188G-87. 


PROCEEDINGS. 


SEVENTH  OENEHAL  Mt^KTINU  OK  TUli:  SESSION,  HELD  IN  THE 
LKtrrCRE  HAI.L  U>'  THE  LITERAHY  AND  PHILOSOPUICAL 
SOCIETY,  NEWCASTLE-UPON.TVNE,  ON  WEDNESDAY  EVENING, 
APKIL  6Tir,  1887. 

F.  C.  MARSHALL,  Esq.,  Vice-Puksident,  in  thk  Ca\lB. 


The  Secretary  read  the  minutes  of  the  Inst  guueral  meeting,  held  in 
Newcastle-upon-Tyne,  on  Marcli  Oth,  which  were  approved  by  the 
members  present,  aud  signed  by  the  Viee-Preaident. 

The  Vice- Preside  ST  said,  with  reference  to  tlie  second  iirtiele  on  the 
Bgend»,  he  miglii  say  that  he  had  the  pleasure  of  being  present  at  the 
meeting  of  the  Council  of  the  Institution  of  Naval  ArchitecLa  in  London 
last  week  when  their  fettcrof  invitation  to  that  luBtitiitiou  was  read,  und 
an  answer  arranged  to  be  scut  to  their  Institution,  aud  he  would  like  to 
Bay  that  the  invitation  was  received  by  the  President  (Lord  Raiens- 
worth)  ttud  the  Couneil  in  a  most  hearty  manner.  He  believed  there 
would  be  a  very  large  meeting  of  the  Institution  of  Naval  Architects, 
and  which  he  had  no  doubt  would  be  csceedingiy  interesting,  but  he  need 
not  say  that  a  very  large  amount  of  that  interest  would  depend  upon  the 
papers  that  were  read.  They  (lould  show  their  friends  from  tlie  other 
parts  of  the  country  very  many  interesting  objects  in  tlie  shape  of  works, 
ahipbuilding  yards,  vessek  under  construction,  etc.,  but  tJie  important 
part  of  the  meeting,  he  respectfully  submitted  to  them,  would  depend 


i 


upon  the  papers  produced  at  tlie  morning  meetinge,  of  whicli  tlit-re 
TTonld  be  four.  Lord  Eavensworth  had  hinted  to  him  that  they  ahonld 
not  have  more  than  two  papers  each  morning,  and  he  was  ni^ed  to  do 
bia  best  to  induce  the  PrcBidcnt  and  members  of  this  lustitatioD  generally 
to  Bee  that  the  papers  were  produced  from  their  Institution,  He  was  sute 
the  President — who  unfortunately  was  absent  that  night — and  the  Council 
would  be  very  much  indebted  to  tliem  if  they  would  endeavour  to  make 
the  request  of  the  Council  of  the  Institution  of  Nava!  Architects  known, 
snd  one  and  all  make  an  effort  to  produce  the  eight  papers — or  a  fewer 
number — for  those  meetings.  He  was  quite  sure  that  there  was  talent 
enough  on  their  rivers  to  produce  papers  on  practical  subjects  that 
would  be  of  special  interest  to  the  Naval  Architects  at  their  meeting,  and 
elicit  discussion  whicli  woald  answer  the  purpose  the  Institution  had  iu 
TJaiting  their  locality.  He  would  now  call  ujion  the  Secretary  to  read  the 
letter  received  from  the  Council  of  the  Institution  of  Naval  Architects, 
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I.  Adklphi  TEUkAfE,  London,   W.C, 

tt'riiHfsdas,  March  IGlk,  1887. 


b-Tyk 


DB4.B   ISlB, 

I  have  mat^h  ptcnsnrc  in  inf orming  jon  that  the  Council  of  this  I  nstitutioii, 
kt  a  meeting  lield  yeatenla;,  □nanimonelj'  reulved  to  accept  the  cordiiii  invitation  o( 
the  North- Eut  Cout  Institation  of  Eugineera  and  Shipbuilders  to  hold  ■  Smhoii  at- 
Nawoutle-upon-Tyne  and  Sniiderland  during  the  lummer  of  the  present  jtai. 

As  you  kindly  left  the  date  of  the  proposed  meeting  an  open  qnestion,  to  ai  to  niit 
the  ongBgemcats  of  oor  memiwre,  it  was  further  anaaimoasly  resolvod  tluit  Tiinwlar, 
July  26th,  would  be  the  moat,  eonrenient  da;  on  which  to  liold  the  openiug  meeting. 
I  remain, 

Dear  Sir, 

Yours  fnithfully. 
(Signed)     RAVESS\V(J1!TH, 


The  Vice-Phesidekt  then  willed  upon  Mr.  B,  G,  Nichol  to  open  the 
discussion  on  Mr.  A.  Blechyuden's  paper  on  the  "  Reaction  and  Efficiencv' 
of  the  Screw  Propeller." 
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Mr.  B.  G.  NiCHOL  suitl,  the  paper  was  an  exceedingly  valuable  con- 
tribution to  the  Inatilution,  and  its  worth  could  hardly  be  over-rated. 
\h:  reffretted,  owing  to  want  of  time  for  complete  stcdy  of  the  paper, 
tliiit  he  was  not  able  to  do  the  pajier  that  Justice  wiiich  it  deserved,  but 
hoped  that  other  members,  who  had  been  able  to  devote  more  lime  to  it« 
iwrusnl,  would  thoroughly  analyse  the  author's  coneluBions.  The  author's 
deductions  were  liased  on  the  results  of  a  vast  number  of  experiments 
which,  there  was  abnudant  evidence  in  the  pajier  to  show,  had  been 
oaiTied  out  with  the  greatest  care  and  precision.  These  experiments 
embraced  a  wide  range  of  proportion,  Huch  aa  varying  diameter,  vaiying 
pitch,  and  surface  ratios ;  and  in  the  almost  perfect  harmony  of  the 
resnlta  obtained  during  the  numerous  experiments  and  with  so  wide  a 
range  lay  the  value  of  the  paper.  It  appeared  to  him  that  the  author'a 
propositions  were  fully  and  fairly  established,  and  would  enable  propellers 
to  be  at  once  so  proportioned  as  to  obtain  the  maximum  economy  in  any 
class  of  ships,  and  he  was  of  opiuion  that  rules  based  on  these  propositions 
would  appear  in  all  future  works  of  engineering  reference.  Objection 
might  be  taken  to  the  author's  conclnsions  on  the  ground  of  the  experi- 
ments being  carried  ont  in  a  tank  with  models,  but  in  his  (Mr.  Nichol'e) 
experience,  much  more  accnratc  and  reliable  data  could  be  obtained  in 
this  way,  and  with  greater  ease,  than  with  actual  vessels  and  propellers. 
At  all  events,  the  laws  deduced  hy  means  of  such  experiments  would  be 
the  same,  although  it  might  be  found  necessary  in  practice  to  modify 
some  of  the  constants.  The  members  of  the  Institution  would  be 
pleased  to  observe  that  the  first  sis  propositions  agreed  fairly  with  the 
deductions  of  those  great  masters  of  engineering  science,  whose  memories 
they  were  so  proud  to  liouonr — Professors  Rankine  and  Fronde.  Pro- 
position VII.,  which  said,  "  The  effect  of  surface  is  the  same  irrespective  of 
the  number  of  blades  into  which  it  is  divided  so  long  aa  it  is  similarly 
distributed,"  ought  to  have  imjiortant  couBoqucnccs,  first  hy  settling  the 
question  so  often  raised  as  to  the  relative  merits  of  screws  with  two, 
three,  four,  or  more  blades ;  and  second  in  checking,  if  it  does  not  finally 
abolish,  the  introduction  of  propellers  of  marvellous  form  and  euphonious 
name,  for  which  wonderful  results  are  claimed  and  stiff  royalties  charged. 
The  kernel  of  the  whole  paper  appeared  to  him  to  be  diagram  9  on 
Plate  30,  described  on  page  11)3,  which  afforded  a  ready  means  of 
aacertaining  the  modulus  C,  wliich  necefflorily  varies  with  the  surface  and 
pitch  ratios.  The  scales  given  are  only  arranged  for  two  examples,  but 
the  scales  for  all  surface  and  pitch  ratios,  within  the  limits  of  practice, 
may  readily  be  added,  and  the  diagram  rendered  complete.  The  value  of 
0  for  any  surface  and  pitch  ratio  might  then  be  a8oert«ined,  and  when 
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applied  in  Proposition  VI.,  aiTorded  a  ready  meana  of  fixing  the  proportion 
of  the  reqnired  propeller.  ^Tiere  raryiug  pitches  were  introducM^d  it  tm 
of  the  utmost  importance  that  the  true  mean  pitch  slionld  be  ascertained, 
as  described  on  page  197,  for  if  this  was  not  done,  and  the  loose  method 
of  adding  together  the  extreme  pitches  and  dividing  by  two,  as  is  f  reqnenlly 
done,  lie  taken  as  the  mean  pitch,  the  proportions  arrived  at  would  most 
prohahlj  he  erroneous,  and  the  proportione  of  the  screws  fixed  might  give 
anything  hnt  results  securing  raasiinuni  efficiency.  In  the  face  of  the 
results  of  the  experimenta,  many  of  the  members,  he  thought,  would 
require  to  modify  their  views  with  regard  to  pitch  ratios.  These  results 
pointed  to  an  increase  in  this  respect  which  would  involve  s  reduction  in 
the  diameter  of  screws  and  an  increase  of  revolutions  of  the  eugiuee,  in 
order  to  obtain  the  most  economical  results. 

Mr.  Tatlor  said,  Mr.  Kichol  had  praised  the  paper  about  as  much 
as  a  paper  could  be  praised.  He  was  eonj  to  say  that  he  differed  entirely 
from  Mr.  Nichol,  He  considei'ed  the  paper  was  loifflely  written  and  con- 
sequently involved.  The  writer  used  many  terms  without  explaining 
their  meaning.  As  an  example,  what  was  to  be  understood  by  the  term 
"  indicated  thrust  ?"  He  knew  what  the  late  Mr.  Fronde  meant  by  "  indi- 
cated thrust,"  because  Mr.  Froude  fidly  explained  what  he  meant  to 
convey  by  the  term.  But  the  writer  evidently  meant  something  quite 
different ;  probably  the  thrust  indicated  by  the  spring  balance  shown  on 
Fig.  2.  Neither  does  the  writer  explain  how  he  conducted  his  tank 
experimcntfi,  nor  how  the  tabulated  results  were  arrived  at,  and  there- 
fore he  could  neither  follow  the  writer  nor  place  any  reliance  upon  the 
experiments,  because  he  could  not  follow  his  steps.  Mr.  Nichol  said, 
practically  the  propositions  were  everything  that  could  lie  desired. 
He  should  like  to  know  what  the  first  proposition  was  intended  to 
convey.  It  road  thus — "  In  any  screw  the  taming  moment  is  indepen- 
dent of  the  quantity  of  surface,  or  of  the  mode  in  which  it  is  distri- 
buted."  To  support  this  proposition  the  writer  stated  "this  ts  a 
conclusion  aiTived  at  by  Mr.  Isherwood  and  is  clearly  proved  by  his 
experiments."  If  he  undci-stood  the  term  "turning  moment,"  it  meant 
the  product  of  a  weight  into  the  lever.ige  with  which  it  acta,  and  inde- 
pendent of  the  number  of  revolutions  jier  minute.  But  were  they  to 
understand  that  if  they  cut  two  blades  off  a  four-biaded  propeller,  the 
mean  pressure  given  in  Table  3,  say  for  eight  knots,  would  remain  the 
aame  with  the  engines  running  the  same  number  of  revolutions  as  with 
.  the  four  blades  ?  But  if  not  these  mean  pressures  were  misleading, 
because  they  did  not  represent  the  same  I.H.P,  for  these  various  speedB, 
while  Table  3  woidd  lead  one  to  suppose  that  ABODE  and  F  were 
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equally  eOicieDt,  or,  in  other  worde,  reiaired  tbe  same  I.H.P.  to  drive 
the  ship  at  a  given  speed.  But  on  reftmng  to  Engineering,  of  November 
IDth,  1875,  page  407,  he  fonnd  Mr.  Isherwood  said  : — 

"  Water  being  a  liquid  yieltla  by  rirtno  of  iU  ninbiljtj  U>  tha  thmrt  of  the  acreic, 
&tid  Hint  the  velocity  or  absolute  slip  thus  imparted  to  the  water  by  tlie  thraat  of  tlie 
Bcren-  will  be  such  that  the  product  of  llie  iqiiarc  of  this  velocity  of  the  water  and  ot 
tlie  snrfBccof  the  ccreir  will  be  coimtant  for  a  gfiveii  speed  of  vexel. 

"  Now  if  S  -^  Barface  of  ecrew  and  V  —  the  velocity  of  the  water,  or  absnlnte  slip 
of  the  screw,  for  any  given  speed  of  the  vcsae],  then  8  k  V  fliU  be  a  oonstant  for 
that  8|)ecd  of  vessel,  and  if  llie  value  of  S  be  chanftcd,  then  to  mainldn  th«  constancy 
of  the  prndoct  S  ■  V,  the  value  of  V  mudt  be  changed  in  the  inverse  ratio  of  the 
B(|Qare  root  of  the  anrface.  For  eiample.  let  S  '^  25  sqaare  feet,  V  -  2  geographical 
miles  per  honr,  witli  any  given  «peed  of  vcsael,  then  25  ■  2*  '^  100  "  constant. 
Now  if  8  be  reduced  to  9  »c|uare  feet  to  find  the  value  of  V  in  the  new  ease,  the  speed 
of  the  vessel  remaining  as  before,  we  have  -J^  :  ,JS5  : ;  S  :  81  miles  per  hoar,  which 
is  the  vfJocity  of  the  wal«r  pressed  by  the  screw  surface  of  9  sqaare  feet  to  give  the 
vessel  the  Bame  speed  as  before,  because  3i'  k  9  =  100  —  the  coustatit." 

lo  the  one  case  they  had  a  propeller  making,  gny  gnfRcient  revolationa  to 
run  ten  knote,  and  in  the  other  case  it  ran  eleven  and  one-third  knots  in 
a  given  time.  If  they  were  to  take  tlie  mean  pressurefl  given  on  page 
186  as  mean  pressure  in  the  cylinder  throughout,  in  one  case  they  had 
the  engines  doing  very  much  more  work  than  the  other;  and  Mr.  laherwood 
himself  in  summing  up  the  efficiencies  of  these  propellers  said: — "That 
at  certain  speeds  D  is  1\  per  cent,  less  efficient  than  B."  That  was 
pretty  well  borne  out  by  other  eiperimenta ;  for  instance,  he  believed  it 
was  the  French  engineers  who  tried  experimenta  with  the  "  Pelican." 
They  took  a  foiir-bladed  propeller  of  a  certain  pitch,  or  rather  a  series 
of  propclleifi  of  the  same  diameter  and  pitcli,  but  the  surfaces  varied 
from  'GO  of  the  diameter  to  '28,  so  that  the  surface  varied  considerably. 
The  result  was  that  the  slip  varied  from  25  to  30  per  cent,  according  to 
the  surface,  while  the  cylinder  pressure  required  to  give  one  tnm  of 
screw  per  second  varied  from  I'o  to  I'3.  And  altogether  he  thought  there 
was  something  which  required  explanation  in  the  first  proposition ;  he 
could  not  accept  it  as  it  stood,  neither  could  he  go  beyond  it.  The 
results  of  trials  he  had  made  bore  out  what  lie  considered  Mr.  Isherwood 
meant.  He  experimented  with  a  propeller  upon  a  small  steamer,  and 
first  of  all  tried  a  fbur-bladed  propeller ;  with  that  jiropeller  the  engines 
ran  about  eighty-five  revoiutiona  per  minute,  and  gave  a  certain  speed, 
lie  then  cut  off  two  of  the  blades  altogether  and  the  revolutions  ran  up 
lo  ninety-five,  aud  of  course  he  obtained  an  increase  of  speed  ;  after  ha 
had  done  that  he  cat  about  three-and-a-balf  inches  or  about  one-siith  off 
the  remaining  blades  right  down  t!ic  back,  aud  the  engines  then  ran  103 
revolutions  per  minute. 


21-t  TUfCL'SSION — RE4CTI0N    A 

The  Vice-President  sBked  if  the  diameter  was  ke])t  tho  same  ? 
Mr.  Taylor  replied  that  tiie  diameter  and  pitch  were  the  same 
ihroiiKhont.     On  account  of  the  way  the  writer  presented  his  fttcts,  many 
thin^  in  the  paper,  he  feared,  would  remain  a  sealed  letter. 

The  Vice-President  said  he  felt  he  had  Ijeen  a  little  remiss.  He 
thnnght  that  in  opening  the  meetinj;  il  would  have  Ijeen  only  due,  and 
the  proper  proceeding  to  have  taken,  to  have  asked  Mr,  Blechynden  if 
he  had  any  further  remarltB  to  make.  Now,  with  their  j)ermission,  if  they 
wonid  kindly  accord  him  thnt  permisaiiin,  late  as  it  was  in  the  time  of  the 
(liseussiou.  he  should  lie  very  glad  if  Mr.  Blechynden  at  that  at«^e  had 
anything  to  say.  Ho  did  not  wish  Mr.  Blechynden  to  enter  into  the 
reply,  but  simply  if  he  had  any  exjilanatioii  to  give  regarding  the  paper 
itself. 

Mr.  Blechynden  regretted  that  there  should  have  been  any  difficulty 
in  understanding  the  paper,  but  he  would  endeavour  to  make  all  clear  in 
hia  reply, 

Mr.  Wkiohton  said,  that  while  he  could  Bympathisc  with  the  last 
speaker  in  the  difficulties  he  had  in  arriving  at  the  meaning  of  some 
parts  of  the  paper,  he  must  say  he  could  not  bear  him  out  in  regard  lo 
Bornc  of  hia  criticisms  of  some  of  the  subject  matter.  He  thought  the 
paper  a  very  valuable  one,  and  in  its  present  form,  a  very  great  iuoentire 
for  all  who  read  it  carefully  to  think  out  the  subject  for  themselves.  The 
paper  was,  donbllesB,  somewhat  academical  in  itfl  nature,  and  (aa  the 
writer  himself  mentions)  very  elliptical,  so  much  bo  that  misapprehenaion 
was  unavoidable.  He  nmst  coulees  that  it  was  only  after  I'cpeabed 
perusals  of  some  pai't*  of  the  paper  that  he  clearly  apprehended  the 
meaning  and  bearing  of  some  of  the  writer's  deductions.  The  subject 
'l  being  one  of  extreme  difficulty,  the  writer  of  the  paper  would  liave  been 

'  more   than   human    had  he  succeeded    in    making    himself  abaolutely 

perspicuous  to  eveiy  reader.    At  iJie  same  time  he  must  say  tliat  in  his 
"  opinion  the  meaning  of  some  parts  was  very  much  obscured  by  the 

j  condensed  method  of  expression  adopted.    One  thing  be  thought  was 

^  very  much  wanted,  viz, : — a  fable  or  tables  of  the  complete  results  of  the 

!  experiments,  giving  the  bare  results,  and  thereby  enabling  any  one  to 

check  the  writer's  deductions,  to  compare  results,  or  to  draw  his  own 
'I  conclusions ;  one  or  two  points  might  be  somewhat  elucidated,  he  would 

|i  briefly  notice  these.    With  regard  to  the  three  equations  given  on  page 

185,  their  application  was  seen  in  the  case  of  progressive  trials  of  vessels. 
In  this  case  the  same  screw  was  tried  at  different  speeds  of  revolution 
which  were  dae  to  different  mean  pressures  in  the  engines,  and  the 
relation  between  the  revolutions  and  the  mean  ]iressnres  was  expressed 
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by  the  above  equations,  if  we  read  mean  preeaure  instead  of  motive 
weight  (W).  According  to  equation  3,  the  mean  pressuro  was  propor- 
tional to  the  square  of  the  revolutions.  In  his  experience  he  had  found 
that  the  index  of  the  revolutions  instead  of  being  uniformly  the  square, 
varied  from  1-3  to  2'G,  Proposition  I.,  as  it  stood,  was  certainly  a  veiy 
great  stumbling  block.  Taken  in  connection  mth  the  equations  jnst 
mentioned,  and  with  Tables  3  and  4.  the  following  seeming  incon- 
sistency deserved  notice : — W  is  independent  of  surface  (Proposition  I.), 
T  is  proportional  to  W  (equation  1,  page  185) ;  thei-cfore  T  is  independent 
of  Biirfaco.  This  conclnsion  was,  of  course,  false,  and  it  was  evidently 
held  aa  such  by  the  writer,  because  in  Proposition  VI.  he  proceeds  to  show 
how  T  depends  upon  surface,  but  as  the  text  and  tables  stood  at  present 
the  matter  was  very  haay.  The  seeming  inconsistency  arose  iiom  the 
neglect  of  revolutions  and  slip.  Proposition  I.  can  only  mean  that,  with 
screws  exactly  similar  and  equal  in  all  respects  except  snrface,  a  given 
ship  miiy  (neglecting  friction  and  resistance  of  screw  bludea)  be  driven 
at  a  certaiu  given  sixied  without  any  alteration  in  the  turning  moment 
on  the  screw,  but  tliat  the  screws  having  the  larger  surface  will  make 
fewer  revolutions  and  have  less  slip  than  those  with  the  smaller  surface 
when  the  ship  attains  the  given  speed.  Ilad  Tables  3  and  4  con- 
tained the  revolutions  and  siip,  this  point  would  have  been  clear. 
Proposition  II.  was  a  truism  on  the  principle  of  work,  thus : — Assuming 
tlie  propeller  efficiency  unaltered,  equal  thrustfl  meant  equal  powers,  and 
power  is  proportional  to  turning  moment  x  speed  of  piston ;  but  if  pitch 
was  doubled,  the  speed  of  piston  must  be  halved  for  the  same  speed  of 
ship,  and  therefore  the  turning  moment  must  be  doubled  to  give  the 
same  power  as  ticfore,  therefore  turning  moment  is  proportional  to  the 
jiitch.  The  same  argument  applied  to  Proposition  V.  Indeed,  it  seemed 
to  him  that  Pi-oposition  V.  might  have  been  takeu  as  a  first  principle, 
and  might  have  beeu  used  to  show  (which  it  virtually  does  show)  that 
all  the  elements  of  waste  work  due  to  the  action  of  the  propeller  had 
been  takeu  into  account  and  Ijad  been  allowed  for.  The  experiments 
did  not  prove  the  proposition — the  proposition  proved  the  completeness 
of  certain  deductions  made  from  the  ex[)erimenl«.  The  application  of 
the  truth  embodied  in  Proposition  IV.  was  simply  this :  that  in  passing 
from  lower  to  higher  speeds  of  revolution,  the  propeller  pitch  would  be 
made  finer,  and  the  engines  smaller  to  indicate  a  certain  power.  Passing 
to  Proposition  VI.,  the  expression  here  given  waa,  as  the  writer  said, 
virtually  Professor  Rimkine's,  with  the  addition  of  a  co-efficient  0  to 
represent  the  effect  of  snrface  and  of  pitch  ratio.  It  might  not  be 
uuinstractive  to  put  the  formula  given  on  page  190  into  a  more  practical 


«  A«  ^  ••  adiid  a  C  iM  tbt  Ike  dq>  S  i 


T  =  CDT. 

T  =  cj)\n:f. 
IIP  =  cmPB)«. 


biSD&r  M  tfaeibovc  IbcmnhB  wmaed  ■  conrtMt  percenlieie  of  al^«( 
«IIqpndi,ud  tfaitit  Adnot  indode  snrbe^  it  wh  pilpiUf  defectiTeh 
M  s  geoenl  rule,  for  ^  cireaBMtaiM» ;  fast  if  tlie  nine  of  C  were  takai 
from  iuUiKc*  fairij  cotnaponding  wtth  maj  cue  in  point,  ihe  rale  nns 
B  ray  ralnaUe  one  in  tbe  design  <A  nev  propeDen.  This  woold  be 
Rcogniied  m  Uw  nik  given  in  A.  E.  SeaMo's  adminfale  Xanval  of  OU 
Maritu  Bngint,  where  it  la  stated  that  tbe  average  valne  of  C  for  ordi- 
naiT'  reseels  a  20,000,  but  for  torpedo  boats  and  laoncbes  it  rises  to 
i!&,000.  Instead  of  this,  hia  (Mr.  Weightcn's)  eiperienvc  went  to  show 
that  for  torpedo  gnnboots  nmning  np  to  400  revolnlions  per  minute  the 
Toloe  of  C  ft-II  in  eome  cases  as  lotr  asH.Sixi,  and  Gtill  with  fiurefficienc;. 
The  popcr  BhoTTtxl  liow  the  effect  ol  surface  npon  thrust  might  be  com- 
pated  hy  tbe  use  of  different  co-efficients  depending  for  their  Talnes  on 
the  propeller-proportions,  hot  it  did  not  show  how  to  apply  these  co- 
efficients to  the  octaal  design  of  propellers.  Seeing  that  it  was  of  a  strongly 
miirkeil  apalyLical  natare,  it  was  perhaps  scarcely  legitioiate  to  complain 
tliat  the  paper  did  not  contain  practical  applications,  etill  it  was  needless 
to  point  ont  liow  vastly  such  applioations  would  have  enhanced  its  value 
to  an  institution  such  aa  this.  It  was  not  sofficient  for  the  designer  of  a 
screw  propeller  to  know  how  to  calcoJate  the  thrust  of  any  screw ;  he 
should  also  know  how  the  relation  of  this  thrust  to  the  iK)wer  expended 
in  prodacing  it  was  affected  by  the  dimensions  and  proportions  of  the 
propeller,  and  by  the  conditions  under  which  it  worked.  The  "propel- 
ler question  "  was  proverbially  a  vexed  qnestion,  and  was  of  p'eat  diffi- 
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cnlty.  It  was,  however,  often  complicated  with  the  question — equnlly 
difficult — of  Bhip-resiBtanoe.  If  a  Btip  fell  short  of  the  expected  speed  it 
was  very  usaally  said  that  the  propeller  was  imsttitable  for  the  ship, 
whereas  it  was  quite  as  likely  thut  the  ship  was  unsuitable  for  the  pro- 
peller. He  meant,  of  course,  that  it  was  quite  as  likely  that  the  ship's 
resistance  had  hecn  miscalculated  aa  it  was  that  the  propeller  praportions 
had  been  miscalcuiated.  For  instance,  in  the  equation  already  given  on 
page  21G  the  I.H.P.  depended  on  the  ship's  resistance,  and  should  the 
ship's  resistance  exceed  tlie  calculated  resistance,  then  the  revolutions  (R) 
would  not  be  attained,  and  consequentially  neither  would  the  estimated 
I.H.P,  be  attained,  nor  the  speed.  The  pitch  (to  mention  only  one 
element)  would  be  too  coaree,  and  this  arose,  not  from  any  mistake  in  the 
proportions  of  the  propeller,  but  solely  from  an  under-estimate  of  the 
resistance  of  the  ship.  The  difficulties  peculiarly  inherent  in  the  pro- 
peller question  are  in  this  way  often  increased  p'ld  complicated  by  those 
suiTounding  the  jiroblem  of  ship-resistance.  He  thought  the  Institution 
was  very  much  indebted  indeed  to  Mr.  Rlechynden  for  bringing  Ijefore 
it  a  paper  involving  such  a  great  deal  of  labour  in  its  preparation  as  this 
paper  evidently  involved,  and  he  was  sure  that  Mr.  Blechynden  would  be 
able  to  clear  np  those  ixiints  which  had  been  fnnnd  difficult  of  appre- 

The  ViCK-PBEfiiDENT  Biiid,  he  did  not  think  that  he  could  add  any- 
thing to  the  interest  of  the  discusaion ;  of  course,  one's  practical  expe- 
rience came  in  as  illustrative  of  a  very  great  deal  that  had  been  siiid,  and 
in  the  coui'se  of  a  long  engineering  hfe  tliey  picked  up  a  great  many 
facts  which  might  be  used,  but  he  did  not  know  that  they  would  be  of 
use  just  at  that  moment  to  further  the  discussion.  Just  to  mention  one 
fact — that  by  the  reduction  of  the  diameter  of  a  12^  feet  propeller  six 
inches,  and  decreasing  the  pitch  and  increasing  the  surtace,  they  had 
attained,  or  rather  increased,  the  speed  of  a  vessel  from  18'9  to  19*6G 
knots  with  about  the  same  revolutions,  but  with  a  considerable  i-eduction 
of  horse-power — about  from  7,800  down  to  about  7,500,  showing  how 
much  lay  in  the  first  and  the  original  design  of  the  propeller  and  its 
adaptability  to  the  ship's  resistance.  He  merely  meutioued  this  to  show 
the  importance  of  that  great  question.  He  would  now  ask  Mr.  Blechynden 
to  reply  to  the  discusaiou,  but  he  would  just  before  doing  so  say  that  he 
would  be  very  much  obliged  to  him  if  he  could  give  them  a  rather  more 
complete  sketch  of  the  apparatus  employed.  It  would  be  interesting  to 
the  Institution  to  know  how  the  turning  moment  was  obtained,  how  the 
thrust  woB  taken,  and  how  they  wei-e  measured,  and  he  believed  the 
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Inatitution  would  be  verj  well  afitisfied  with  the  reautt.  Another  tiling 
that  Mr.  Taylor  aaked  for  was  that  the  results  should  be  tabulated,  giving 
the  figures  themselves  as  Mr,  Blechynden  obtained  them,  so  that  they 
might  see  to  the  accnracj  of  hia  deductions;  it  would  be  interesting  in 
every  way  if  Mr.  Blechynden  could  give  them  that  information. 

Mr.  BLECHYffDEN  Said,  tliat  as  there  appeared  to  be  some  misappre- 
hension about  the  matter,  it  might  be  as  well  to  state  clearly  that  he  laid 
no  claim  to  having  carried  out  the  experiments  made  at  Forth  Banks. 
He  was  not  certain  whether  they  were  at  first  snggested  by  himself  or 
not.  They  wore  carried  ont  at  the  desire  of  Mr.  F.  C.  Marahall,  but 
they  were  organised  by  himself  and  conducted  by  Mr.  W.  Crawford,  who 
brought  that  skill  which  had  already  won  him  some  distinction  while 
under  Sir  Wm.  Thompson  to  bear  upon  them.  Such  accuracy,  there- 
fore, as  they  may  possess  ought  to  be  credited  to  Mr.  Crawford.  Mr. 
Nichol  had  referred  to  Proposition  VII.,  as  showing  that  there  was  no 
difference  between  sci'gws  with  four,  three,  and  two  blades.  This  must 
be  understood  aa  only  true  in  reference  to  the  screw's  reaction  and  when 
the  surfaces  were  equal  and  similarly  distributed.  Under  ordinary  cou- 
ditions,  however,  a  two-biaded  screw  with  the  same  surface  as  a  fonr- 
bladed  eci'ew  ought  to  have  lees  edge  resistance  than  that  with  four 
blades,  and  ought  consequently,  on  this  account,  to  have  a  slightly  higher 
efficiency.  He  very  much  regretted  that  Mr.  Taylor  should  have  had  any 
difficulty  in  understanding  him,  hut  he  would  now  endeavour  to  clear 
away  Mr,  Taylor's  difficulties.  It  was  quite  poBsible  there  might  be 
some  slight  want  of  clearness  in  Proposition  I.,  but,  apparently,  this  was 
not  the  stumbling  block,  aa  the  illustration  which  Mr.  Taylor  had  used 
to  show  what  he  considered  the  inconsistency  of  the  proiwsition  showed 
that  the  meaning  of  the  proposition  was  grasped,  but  that  its  truth  was 
doubted.  The  intention  of  the  proposition  was  to  show  that,  Bupposing 
a  vessel  was  propelled  at  a  given  speed  by  a  screw  of  given  diameter  and 
pitch,  the  ship's  resistance  remaining  constant  at  that  speed,  then,  assum- 
ing the  screw  to  work  without  loss  from  fluid  friction  or  edge  resistance — 
an  assumption  which,  as  donbtlcss  Mr,  Taylor  liad  carefully  noted,  was 
miide  in  the  paragi-aph  immediately  prccediug  the  proposition  in  qncs- 
tion— the  turning  moment  would  remaiu  constant  let  the  surface  of  tlio 
screw  be  what  it  might.  It  would  be  evident  to  all  that  if  a  screw  were 
used  to  propel  a  given  vessel  at  a  given  speed,  then — since  the  screw  had 
to  overcome  a  constant  resistance — the  thmst  depended  upon  the  resist- 
ance of  the  vessel,  since  it  must  be  equal  to  it  let  the  dimensioDS  or 
proportions  of  the  screw  be  what  they  might.    Any   change  in  the 
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dimensions  or  proportione  of  the  screw  might  affect  the  revolntiona  at 
which  it  worked,  the  horee-power  developed,  or  the  screw's  efficiency ;  but 
BO  long  as  the  ship  was  propelled  at  the  aime  speed  the  thrust  would  not 
change.  He  would  now  consider  the  relatiou  between  the  thrust  and  the 
turning  moment.  He  would  refer  them  to  Fig.  15,  Plate  3^,  which  repre- 
sented a  portion  of  the  blade  ofa  screw  moving  in  the  hue  ii«„  which  waa 
inclined  to  the  face  of  the  lilade  at  the  angle  b  g  h^.  The  question  as  to 
the  law  of  resistance  with  the  angle  or  the  velocity  might  be  left  open. 
It  might  vary  with  any  function  of  either.  Ail  that  was  necessary  was  to 
grant  that  the  rtsnUof  the  impact  between  the  plane  and  the  water  waa  a 
resistance  norma!  to  the  iaee  of  the  blade.  This  resistance  might  be  repre- 
sented by  the  line  h  A,  and  i  A  could  he  resolved  into  two  forces  at  right 
angles  to  each  other,  namely,  k  I  (which  he  would  call  fcbruat)  =  t  in  the 
direction  of  the  screw's  axis,  and  Z  A  =/  in  a  transverse  direction.  It 
would  be  evident  I  h  was  the  turning  forct  for  the  thrnst  /  acting  at  the 
radius  of  this  section.  The  relation  lietweon  these  two  forces  was/  =  t 
tan.  I  h  h,  so  that  if  t  were  constant  then  f  must  also  be  constant,  and 
since  the  radius  at  which  /  acted  waa  constant  then,  for  the  elementary 
jwrtion  of  the  blade  considered  the  turning  moment  was  constant,  and 
since  the  relation  between  the  two  forces  did  not  involve  the  surface  the 
force/,  and  consequently  the  turning  moment  was  evidently  independent 
of  the  quantity  of  surface.  The  same  principle  might  also  h«  applied  to 
all  other  portions  of  the  blade.  The  question  was  asked  by  Mr.  Taylor 
if  it  was  to  be  understood  that  if  two  blades  were  cut  off  a  four-bladed 
propeller  the  mean  pressures  on  the  pistons  of  the  engines  driving  the 
screw  would  remain  the  same  wilh  the  same  inimhfr  of  revolutions.  Most 
certainly  not.  There  wf^  not  the  slightest  reason  for  supposing  such  a 
thing  implied.  Table  8  gave  certain  iJortiouB  of  the  mean  pi'easurea  on 
the  cylinder  of  an  engine  used  to  propel  a  certain  vessel  at  certain 
speeds  with  certain  screws.  The  mean  pressures  were  factors  of  the 
powers  indicated,  but  they  did  not,  as  Mr.  Taylor  seemed  to  suppose, 
represent  the  powers,  nor  were  they  e\'er  meant  to  do  so.  They  might  he 
said  to  represent  the  turning  momenta  if  they  represented  anything  else 
than  themselves.  What  would  occur  were  two  blades  removed  from  a 
four-bladed  screw  which  waa  used  to  propel  a  vessel  at  a  given  speed 
would  be  an  increase  of  revolutions  until  the  mean  pressure  on  the  blades 
was  doubled,  and  the  same  thrust  exerted  as  l)efore,  when  the  turning 
moment  would  also  have  become  equal  to  what  it  was  liefore  the  blades 
were  removed.  The  horse-power  and  the  efBciency  might  thus  be  altered, 
but  these  had  nothing  to  do  with  the  question  which  related  only  to  the 
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tmtdug  momeiit.  He  feared  Mr.  Taylor's  difficnlttes  aroee  from  a 
oonfbsed  ide*  of  tlie  mataal  relations  existing  between  pre&sttre, 
RTolntions,  and  the  power  developed  in  an  engine.  Mr.  Tajlor  had 
introdnced  a  qaotation  from  Mr.  Uhenrood's  paper — for  what  reason 
he  conld  not  nnderetand,  as  it  had  no  bearing  whatever  on  tlie  point 
onder  disciusion.  He  regretted  be  coold  not  from  memory  qaotc  what 
Hr.  Isherwood  did  say  upon  the  point  at  iasne.*  %nce  Mr.  Isherwood 
had  been  quoted,  he  desired  it  to  be  understood  tliat,  while  be 
accepted  him  as  an  authority,  be  drew  his  own  conctosions  from 
Ur.  Ishernrood's  data.  Mr.  Isherwood's  deductions  be  believed  to  be 
generally  sound,  but  in  the  unfortunate  paragraph  which  Mr.  Taylor 
bad  chosen  for  quotation  3fr.  Isherwood  was  nnquestionably  wrong. 
The  reasoning  led  to  the  conclusion  that  the  slip  was  propor- 
tional to  the  square  root  of  the  surface,  a  deduction  seemingly  upheld 
by  a  comparison  of  the  slips  of  the  screws  A  B  C  D  E  and  F  with 
the  Btpiare  roots  of  their  aur&ces ;  but  as  the  slips  compared  were  the 
apparent  and  not  the  real  slips  this  support  failed.  The  "  Pelican " 
eiperiments  had  been  referred  to.  These  were,  without  doubt,  moat 
carefully  planned  and  executed,  and  were  of  immense  value  in  the  early 
days  of  screw  propulsion.  He  feared,  however,  that  they  would  assist 
but  little  in  dcsiguini;  screws  to  meet  the  varied  requirements  of  modem 
practice.  There  was  one  important  want  in  the  carefully  tabulated  mass 
of  data — the  true  sliiw,  which  were  essential  to  the  practical  treatment  of 
the  subject.  His  friend,  Mr.  Weightou,  had  proposed  a  modification  of 
the  formula  of  Proposition  VI.,  uud  had  sketched  it  out  upon  the  board, 
where  it  still  remained.  At  the  outset  he  must  candidly  say  that  he 
viewed  this  modification  as  going  a  step  backward,  and  that  while  he 
owned  it  had  the  merit  of  simplicity,  it  had  also,  unfortunately,  those 
practical  objections  from  which  it  had  been  bis  endeavour  to  rescue  it. 
It  was  an  old  frcind,  and  had  appeared  under  many  forms.  It  reminded 
him  of  an  attempt  to  estimate  tlie  power  eicrted  by  a  locomotive  from 
the  dimensions  of  the  cylindci's  and  speed  only,  without  any  reference  to 
the  weight  of  the  train  it  was  drawing  or  the  inclination  of  the  rails  on 
which  it  rau.  Let  them  consider  this  proposed  modification,  which  was  a 
correct  deduction  assuming  slip  ratio,  surface  ratio,  form  of  screw  and 

•  Ai  it  m«T  he  iatercttXag  to  the  members  to  know  what  Mr.  Isherwood  does  uy 
tli«  quotation  i«  now  given  from  puge  6£5,  EugtHtering,  Vol.  XX.  :— 

"  Of  tkt  Influtnct  of  Dijffrenl  Surfacit  <{f  Screw  othtrwin  lie  tamt,  o%  the 
PMoi*  /VtMnrw.— It  !■  evident  that,  with  tlie  same  en^e  aod  the  mme  pitoh  of 
Mrow,  HlMtrution  being  made  of  the  friction  of  the  icrew  ■orfoca  oo  the  naier,  the 
net  prAMQro  on  the  piiton  of  the  en^ne  mast  be  the  mans  at  the  same  speed  of  vessel, 
let  the  suvfHcc  of  tliu  si'rew  aud  its  sllti  he  wbat  it  may." 
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pitch  ratio  all  ooQBtant,  a  range  of  constancy,  it  need  hardly  be  said,  quite 
above  the  character  of  the  avenge  screw,  but  for  the  sake  of  concentrating 
their  ideaa  it  might  he  granted  that  all  screws  were  aimilar,  and  that  they 
had  left  only  constancy  of  slip  ratio  to  consider.  A  moment's  thotight 
wonld  show  how  utterly  inconsistent  this  was  with  fact.  If  they  would  take 
the  case  of  two  screws  the  same  in  every  respect,  applied  to  two  ships  of 
the  same  form,  but  of  which  one  was  larger  than  the  other,  and  that  these 
screws  were  driven  at  tho  same  number  of  revolutions,  the  formula,  if 
applied  without  correction,  would  give  the  same  power  aa  exerted  in  each 
case ;  yet  it  was  well  known  that  this  would  not  be  in  accoi-dance  with  fact, 
but  that  a  much  greater  power  would  be  developed  on  that  screw  which 
was  applied  to  the  larger  vessel  than  upon  the  other,  since  the  larger  vessel 
having  the  greater  resistance  its  screw  would  work  with  a  greater  slip 
ratio  than  that  of  the  other.  Thus  it  appeared  necessary  to  apply  a 
correction  to  different  cases,  and  the  constant,  whose  distirignishing 
cbaracteristie  was  variableness,  had  to  be  modified.  This  was  because 
the  formula  assumed  what  was  utterly  untrue.  The  figures  given  for 
the  value  of  C  illustrated  this.  They  were  20,000  for  ordinary  vessels 
and  25,000  for  torpedo  boats  and  launches.  It  would  be  evident  that 
the  vessels  happening  to  be  merchantmen  or  torpedo  boats  was  away 
from  the  question,  which  was  simply  one  respecting  the  form, 
dimensions  and  speed  of  the  vessel  relatively  to  the  dimensions 
and  proportions  of  the  screw  used  to  propel  it,  and  Mr.  Weighton'a 
eiperiencG  that  the  value  of  C  was  lower  instead  of  higher  for  torpedo 
boats,  simply  indicated  that  the  vessels  to  which  he  referred  must  have 
had  screws  of  different  proportions  from  those  for  which  the  value  of 


23,000  had  been  worked  out.     From  the  formula  D  = 
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It  would  then  be  evident,  by  inspection,  that  the 

larger  C  happened  to  l)e  the  smaller  would  be  the  horse-power  which  was 
developed  upon  a  screw  of  given  diameter,  and  since  (neglecting  friction, 
etc.)  the  power  and  the  thrust  were  directly  proportionable  to  the  slip, 
then  it  was  evident  that  C  must  vary  inversely  with  the  slip  and  the  thrust. 
The  thrust  was,  however,  equal  to  the  resistance  of  the  ship  of  which  the 
screw  was  the  instrument  of  propulsion,  therefore,  increase  of  C  indicated 
decrease  in  the  proportionate  resistance  of  the  ship  to  which  the  screw 
was  applied.  In  fine — if  two  screws  were  applied  to  propel  two  vessels 
A  and  B  at  the  same  speed,  then  if  that  &ctor  of  the  resistance  which 
involved  the  dimensions  and  form  were  greater  in  the  vessel  A  than  in 
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the  re«sel  B,  the  ralae  of  C  woald  be  smaller  for  the  Bcrew  of  A  than  for 
that  of  B.*  He  wm  perfectly  aware  that  Mr.  Weigfaton  was  fall;  oogni- 
nni  of  these  facts,  bat  as  the  thiog  had  been  left,  be  feaied  it  might  be 
sapposed  that  ilr.  Weighton  iateaded  it  to  be  osed  without  the  m^ 
great  correctiooa  which  were  necessary,  and  which  conld  ool;  be  applied 
by  the  eiperienced.  Ho  thanked  Mr.  Weighton  fur  his  so^estioo  aa 
to  the  advisability  of  allowing  the  practical  application  of  the  principles 
treated  in  the  paper,  but  it  was  needless  to  say  that  it  was  better  to  thresh 
ootas  far  as  pobsilile  the  principles  first  aod  to  follow  with  the  application. 
Xs  it  happened,  the  paper  had  in  the  treatment  of  the  principles  alone 
been  (|<ut«  long  enough.  It  had  been  suggested  as  advieable  lliat  the 
whole  of  the  data  relating  to  Che  model  experiments  should  be  pablished 
jnfit  as  they  had  been  pat  into  hie  band.  There  would  be  no  practical 
diSicnlty  alx)Ut  doing  so.  The  figares  were  all  carefolly  tabalated,  bnt 
be  feared  the  fioancial  difBcultj  would  be  considerable,  and  the  figures 
themselves  might  be  a  weariness  to  the  flesh,  as  they  would  be  a  mass  of 
printing  equal  to,  if  not  exceeding,  the  whole  of  the  paper.  So  &r  as 
the  data  for  the  screws  of  the  c  k  series  were  concerned,  it  seemed  oselees 

*  DoiibtUu  the  Kettnl  nirfBCU  canucit  be  taken  u  tile  true  meiuure  of  s  ■hip'i 
n»U(ftDce.  bat  within  certnin  limiU  it  is  so,  Ktid  it  uu)'  >t  leaat  be  uwd  to  illiutnU 
tbe  preceding  remarka.     In  tbc  fullowing  tablg  the  trial  inwer«  of  certain  reuebani 

^veii,  aodthc  valnea  of  C  olcnlattd  bjt  tbc  ronuuU  C  "  M  ,*!? „  andbytheride 
of  tbem  tbe  ratios  of  the  wetted  Hurfaccs  of  tlic  ^-el^cl■  to  tlie  diM  areas  of  tlie  icreira. 
In  order  tbat  C  rnighi  he  inlluencnl  as  littlo  u  poiuble  br  the  proportion*  of  tlie 
Krewi,  Ibow  bnvc  been  choien  as  far  as  pouible  of  the  same  pitch  ratio.  Tbe  onlj 
•erioua  variation  from  this  is  in  the  ease  of  the  first  on  the  list.  It  will  ht  obtenti 
that  as  the  ratio  of  tlie  welted  aurfaco  to  tbe  disc  area  iocreasea,  C  decreases. 
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Tbe  high  valae  of  C  for  the  first  on  the  list  apiicari  to  be  in  tome  meaiure  doe  to 
the  largo  pitch  ratio.  Other  cxampl™  winld  be  given  to  show  that  C  vnriea  with  the 
pitch  of  the  icr«»,  the  diameter  and  surface  remaining  preciael;  the  same  and  tfaa 
■craw  applied  to  the  same  vewel.  It  could  also  be  ghown  that  all  else  remaining  the 
UDM  C  varies  with  tbe  surface  T«tio. 
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to  tatiiUtito  them,  as  the  motive  weights  and  revohitioiis  were  given  in 
the  various  tables  for  a  thrust  of  S'6  lbs.,  and  for  any  other  thrust  ihey 
could  be  determined  by  use  of  the  equations  on  page  185.  (The  method 
of  experimenting  was  then  further  explained  with  the  assistance  of 
sketches  on  the  blackboard  and  an  example  of  the  application  of  Proposi- 
tion VI.  to  the  calculation  of  the  resistance  of  a  screw  was  giren,)  He 
had  put  off  until  the  last  replying  to  Mr.  Taylor's  complaint  that  he  had 
omitted  to  define  what  he  meant  by  "indicated  thrust"  as  being  the 
point  of  least  importance.  He  thought  all  terms  which  might  otherwise 
be  misunderstood  had  been  most  clearly  defined  at  the  commencement  of 
the  paper,  and,  for  the  rest,  if  the  context  of  the  [mper  did  not  indicate 
the  meaning,  probably  any  ordinary  dictionary  would.  It  was  tnie,  as 
llr.  Taylor  had  stated,  that  Mr.  Fronde  had  defined  what  be  meant  when 
he  used  the  term  "  indicated  thrusts,"  this  was  an  absolute  necessity,  since 
Mr.  Froude  used  the  term  to  mean  what  was  purely  conventional,  and  in 
no  sense  indicated  at  all ;  but  he  need  hardly  say  this  was  not  sufficient 
reason  why  the  two  woi'ds  should  never  afterwards  be  used  in  their  projKr 
sense  without  an  Bpoli>gy.  He  thanked  them  for  their  attention  and  the 
vote  of  thanks  they  bad  accorded  him  for  the  paper. 


NOTE  OF  INACCURACY  IN  DIAGRAM,  FIG.  10.  PLATE  31. 
As  the  curves  fi,B]  and  DD,  are  a  little  inaccurate  for  some  of  the 
pitch  ratios,  the  following  values  of  their  ordinates  are  given  in  order 
that  the  curves  may  be  corrected  or  checked  by  such  as  desire  to  use 
them  :— 
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XORTH-EAST  COAST  INSTITUTION  OF  ENGINEERS   AND 

SIIIPHUILDERS. 


Thiki)  Skssiox,  188(;-87 


PROCEEDINGS. 


KIGHTH  GENERAL  MEETING  OF  THE  SESSION,  HELD  IN  THE 
LECTURE  HALL  OF  THE  LITERARY  AND  PHILOSOPHICAL 
SOCIETY,  NEWCASTLE-UPON-TYNE.  ON  WEDNESDAY  EVENING, 
APRIL  20th,  1887. 


WILLIAM  BOYD,  Esq.,  Past-President,  in  tub  Chaib. 


The  Secretary  road  the  minut(is  of  the  last  General  Meeting,  held  in 
Newcastle-upon-Tyne,  on  April  6th,  which  were  approved  by  the  mem- 
bers present,  and  signed  by  the  Past-President. 

The  l>allot  for  new  members  liaving  been  taken,  the  Past-President 
a])pointed  Messrs.  J.  T.  Milton  and  W.  G.  Spence  to  examine  the  voting 
pai>ers,  and  the  following  gentlemen  were  declared  elected  : — 

MEMBERS. 

Brown,  William,  30,  St.  Mary's  Place,  Newcastle. 

I>arliii{^,  W.  J.,  Lloyd's  Siirveyor,  Leitli. 

Furse,  Frederick.  Messrs.  Hawthorn,  Leslie,  &  C(».,  Limited.  St.  Pet^^r's. 

Inglis,  .John,  Messrs.  Ramage  &  Fergiison,  Leitli. 

liaidley,  Reginald  William,  18,  Claremont  Place,  Newcjwtle. 

Nance,  Alfretl  James,  14,  Stacey  Road,  Routli,  Cardiff. 

Pilcher,  F.  J.,  3,  City  Buildings,  Old  Hall  Street,  LivennK)!. 

Ramage,  John  T.,  The  Hawthorns,  Leith. 

Walker,  Alexander,  147,  Constitution  Street,  Leith. 

GRADUATE  DESIRING  TO  BECOME  A  MEMBER. 
Keene,  Harry  Ruck,  35,  Church  Street,  Pemhn)ke  Dock. 

VOL.  III.-1W7.  B  D 


Tlio  Pa8t-Prehi))ENT  soul  his  hi-Bt  duly  thni  c-vcniu;;  was  to  ajtolngise 
fortlieabficnce  of  tlicir  Preaideiil,  who,  ho  onderetood,  nas  detained  oa 

the  Conliiiciit,  and  uuuble  tu  gt-t  homo  for  (hut  mwling.     Ue  was  sare 
it  would  be  a  regl'et  to  tbcir  Pi^sidc-nt  that  he  was  Diiable  to  attend. 
The  Dcxt  business  was  the  notice  of  the  proiiosed  alterations  to  the  Bye- 
Laws.     It  would  be,  of  couree,  understood  by  the  members  tlmt  tlui 
ftlturniiutis  wore  not  open  for  discussion  that  night,  but,  in  accordance 
witli  the  Artielcs  of  Assooiutiou,  they  had  to  be  presented  at  the  meeting 
prior  to  tlie  last  business  meeting  of  tlie  session,  and  a  notice  ^ren,  so 
that  they  might  discuss  and  decide  upou  them  at  their  nest  lueeting. 
The  alterations  that  were  proposed  were  not  of  a  very  vital  character. 
but  he  muEt  take  that  opportunity  of  suyiug  that  the  Council  had  had 
before  them  one  mutter  of  very  lital  importance,  viz.,  the  fiuancial 
position  of  the  Jimtttution.    A  sub-committee  bud  been  appointed,  of 
whieh  he  had  the  honour  of  being  appointed  Ohairmun,  and  it  had  given 
very  minute  and  careful  coDHideralion  to  the  whole  subject  of  tlie  amount 
of  subscription  formembei's,     That  sub-committee  Bttbsei|nently  reported 
to  a  mcL-tiii};  of  the  Oouucil,  held  about  a  week  ago,  when  the  matter  wad 
also  diseUEstd  at  great  tungtb.    It  was  right  that  the  Institution  should 
know  what  the  position  of  their  affairs  was.     As  they  were  aware  there 
was  D  credit  balance  of  the  funds  at  the  end  of  the  first  year's  working, 
which  almost  entirely  disappeared  at  the  eud  of  the  second  session,  and 
tlicy  were  now  at  the  close  of  the  third  year,  and  ihat  balance  wonld  be, 
to  a  certain  extent,  restored  ;  but  the  Coimcil  felt  very  strongly  that  the 
field  of  userulness  could  be  very  much  enlarged  if  the  funds  were  in  u 
mure  flourishing  condition,  and  it  was  discussed  whether  they  should  not 
raise  the  subscriptions  of  ordinary  members  from  10s.  Cd,  to  15s.,  or 
even  £1   Is,    The  problem  was  a  diffionlt  one.  and  on  the  one  hand  the 
Council  felt  it  extremely  desirable  to  raise  the  income  of  the  Institution, 
but  on  the  other  hand,  there  were  such  serious  objections  to  interfering 
with  the  original  Bubaoriplion  of  lus.  Cd.  that  tlioy  heaitated  to  do  so 
unli.'Bs  they  were  able  t"  show  an  overwhelming  case  to  the  members. 
Eventually,  it  was  agreed  at  the  Council  Meeting  tliat  the  ninttor  shonld 
bo  allowed  to  remain  in  abeyance  until  the  opening  of  nest  bcbsiou.     He 
merely  made  those  explanations  because  he  was  asked  to  do  so  by  the 
Council  at  their  last  meeting,  so  that  the  inembcre  geuernlly  should 
understand  tliat  the  subject  had  not  been  ignored  by  the  Council,  bat 
had  been  dealt  with  to  the  best  of  their  ability.    The  alterations  to  the 
Bye-l.n\v8  which  the  Council  did  iwi^ose  wore  m  follows,  viz,,  that  in 
Aiticli's  !i  "lid    10.  alttrHliou!'  should  be  made  by  which  their  pn^ent 
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Treasurer  shonld  be  distiiiojuished  as  Honomry  Treasurer,  and  that  he 
should  discharge  the  duties  appertaining  thereto ;  and  that  their  Secretary 
should  discharge  the  duties  of  collecting  sulwcriptions,  etc.,  on  such 
terms  as  might  be  decided  u^wn  by  the  Council.  The  other  alteration  was 
that  Article  l.S  should  be  altered,  so  that  that  class  of  members  whom  they 
described  at  present  as  *' Associates,"  and  who  were  at  present  not 
eligible  for  office,  should  be  eligible  as  members  of  Council.  Then,  Nos. 
7, 11,  30,  31,  32,  and  33  Bye-Laws  would  require  slight  verbal  alterations 
to  carry  out  the  proposal  which  was  made  by  the  Council  that  their 
present  Scci-ctary  should  ahn  act  as  Treasurer.  The  present  Bye-Law 
Xo.  3f»  would  be  expunged,  and  it  was  ])roposed  to  insert  the  following, 
viz. : — **X().  30. — Copies  of  papers  to  l)e  read  during  any  session  will  Ik? 
sent  seven  days  before  the  date  of  reading  to  Members  who  shall  have 
applied  to  the  Secretary  for  them,  in  writing,  at  the  commencement  of 
the  session.  The  discussion  on  a  paper  shall  not  be  considered  closed  on 
the  evening  on  which  it  is  read,  but  shall  be  open  for  renewal  at  a  subse- 
quent meeting,  prior  to  the  reading  of  the  paper  set  down  for  that  date." 
In  that  alteration  they  followed  the  lines  of  the  Mining  Institute.  That 
was  the  gist  of  the  alterations  proposed,  which  would  be  in  their  hands 
as  soon  as  possible,  and  which  wonld  1x5  voted  upon  at  the  final  meeting 
of  the  Institution  on  the  Ith  May.  The  next  business  on  the  agenda 
was  the  nomination  of  officers  for  the  ensuing  year.  The  following  was 
the  list  of  nominations  proposed  by  the  Council,  viz. : — President — ^Y.  T. 
Doxford ;  Yice-Prcsidents — B.  C.  Browne,  J.  H.  Irwin,  H.  Macoll,  H.  F. 
Swan  ;  Hon.  Treasurer — B.  G.  Nichol ;  Councilmen — W.  J.  Bone,  W. 
Kilvington,  F.  C.  ^Marshall,  Thos.  Millar,  Jas.  Patterson,  Jas.  Readhead, 
L.  llusden,  P.  AVatts.  His  duty  now  was  to  ask  whether  any  gentleman 
present  wished  to  add  any  names  to  those  already  read  out. 
No  names  were  added. 


The  Sec'RETAKy  then  read  Mr.  J.  P.  Hall's  paper  on  "Compound 
V.  Tri))]e  Expansion  Engines  from  a  Shipowner's  point  of  view." 
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COMPOUND  t\  TRIPLE    EXPANSION    ENGINES,    FROM    A 

SHIPOWNER'S  POINT  OF  VIEW. 


By  Mr.  J.  P.  HALL. 


It  lias  occurred  to  the  writer  that  a  few  facts  settini^  forth  the  results  of 
modern  engineering  in  the  mercantile  marine  may  l)e  of  service  to  the 
British  shipowner,  showing  more  clearly,  than  is  generally  understood  at 
present,  the  advantages  obtained  from  vessels  fitted  with  triple  compound 
engines,  as  compared  with  the  ordinary  double  comi>ounds. 

It  is  not  intended,  in  this  jiaper,  to  attempt  to  discuss  the  many 
varying  featnres  in  the  numerous  designs  of  the  triple  compound  engines, 
but  merely  later  on  to  i)oint  out  some  of  the  proportions  used  in  the 
practice  of  the  writer.  The  great  question  to  the  shipowner  is — What  is 
the  relative  value  of  the  new  type  of  engines  as  compared  with  the 
double  compound  ? 

Before  submitting  the  tables  of  performances,  it  might  be  well  to  look 
at  and  discuss  a  few  of  the  questions  that  are  daily  being  raised  in 
reference  to  triple  engines,  viz.: — 

1st.— Can  triple  compound  engines  in  line  be  made  to  indicate  the 
same  power  as  the  ordinary  double  compound,  and  to  only 
occupy  the  same  space  in  the  ship  ? 

2nd. — Can  the  same  indicated  horse-power  1x3  obtained  without 
increasing  the  total  weight  of  machinery  ? 

;trd. — AVhat  about  the  wear  and  tear  of  machinery:  will  it  be  excessive 
as  compared  with  the  ordinary  comjiounds  ? 

4th. — AVill  the  life  of  the  boilers  be  as  long  as  that  of  those  loaded  to 
80  or  90  lbs.  pressure  per  square  inch  ? 

5th. — Is  any  more  skill  required  in  looking  after  the  machinery  and 
boilers  at  sea  ? 

Space  Occupied. — The  following  table  will  show  what  has  been  done 
in  the  shape  of  occupying  space  in  the  ship:— 
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Table  I.— In  columns  It  and  17  ure  given  ruBpectively  indifnted 
liui-sc-powcr  and  madiinery  space  between  bulkliead  in  ship ;  in  each  case 
we  liave  more  horse-power  in  the  triple  eii^iucB  for  the  Mume  space. 

It  is  quite  common  with  engine  bnilderE  to  give  the  same  indicated 
hijrse-power  withont  askinj;  iioy  more  apace  fore  and  lift  in  the  ship  than 
is  ikllott«d  Lo  the  oi'diuary  compounds,  the  list  (Tabic  1)  vepveseuling  tbe 
practice  of  Beverul  engineering  firms  on  the  North-East  Const.  (It  has 
nut  hilhei'to  universally  been  done,  as  iu  the  eiiee  of  K  on  the  table, 
which  is  It  very  !ung  engine  room,  althungh  now  nhuvst  the  general 
pra<:tice,  and  in  all  niscs  may  be  done  if  required.  Some  jwople  advocate 
a  larger  engine  room,  more  than  is  absolutely  required  for  the  holding  of 
the  machinery.  This,  if  properly  looked  after,  may  be  as  suitable  for 
the  vessel  aa  otherwise  in  special  caeca.)  What  is  realty  wanted  ia  to 
have  the  required  light  and  uir  spaces  as  per  Board  of  Trade  rules,  so  as 
to  reduce  the  registered  tonnage  by  32  ]»er  cent,  on  the  gross  tonnage. 
If  the  tonnage  question  is  such,  and  there  being  no  extra  flfiace  beyond 
the  requirements  allowed  between  bnlkheads,  we  have  the  full  carrying 
capacity  of  the  vesael ;  and,  therefore,  in  the  main,  it  may  not  be  such  a 
very  vital  question,  even  though  the  engineer  might  venture  to  ask  the 
use  of  another  or  additional  frame  apace.  However,  where  required,  it 
can  easily  and  [Mjsitively  be  arranged,  equal  space  fore  and  aft,  triple 
and  compound. 

Figs.  A  and  It,  Piute  8h,  show  a  set  of  engines  of  each  kind  suitable  to 
indicate  l.uOU  to  1,100  horse-power  on  voyage,  and  maintain  a  speed 
of  from  9^  to  10  knots,  loaded  with  about  3,300  tons  dead-weight  on 
board,  the  ship  Iwing  in  each  cose  285  feet  by  38  feet  by  27  feet  depth 
of  hold. 

Weujfit  of  Machi'ifrif. — Table  1  will  also  show,  as  follows,  indiuuted 
horse-power  in  relation  to  total  weight,  including  water  in  boilers  and 
ship  iu  sea-going  condition.  Columns  14,  15,  and  IG  give  respectively 
indicated  horse-power,  total  weigliC  in  tons,  and  Itjs.  weight  per  indicated 
horse -power. 

This  will  show  that  in  the  main  the  triple  compound  engines  are  even 
liglitcr  than  the  others.  The  examples  marked  thus  *  are  engines  that 
have  been  carefully  weighed,  and  the  othera  may  be  fnlly  depended  on 
Bs  being  tlie  actual  weights.  This  table  gives  a  uniformity  of  n-cights 
in  triples  fully  as  much  as  existed  in  the  practice  in  the  days  of  the 
double  eoinijound. 

Taking  the  weights  as  given  by  Mr.  V.  U.  Maishull.  in  the  im[ifr  he 
re^d  before  the  Institution  of  Mechanical  Engineer!)  iu  Xeiveiistle  in  lr«ti(>. 


«c  bare  thOK  gms  4^>  lU.  per  indicatod  bwM^yuwii  w  wpfmtlag  it 
that  tine  the  nifcht  of  nadiiiiMT  fiUal  ialo  nerduint  tbaaaen.  Tbk 
hia  ineticallT'  been  adiMnd  to  in  ibe  nottb-eMt  aNDpoondi-  We  bwv 
now  with  Iripln  IM>  In  40i  Vm,  per  JndicifaJ  bone-pnTer,  a>  sbovn  ia 
theuUr. 

The  n|iil«Ra(*on  wh*  ilie  w«q^t  ii  tea  in  the  triple  cumponnd  eofOiKa, 
M  fVAapaml  with  the  vei^rhi  of  tbe  urdinAr;  doable  oMnpcvud  vagitK* 
to  rebtjtio  ft  power  d^rTcloped,  uuy  pntnarilr  be  fonnd  in  the  fut  UuU 
the  ird|;ht  of  nUAin  n!i{iiirvd  per  [iidiratcil  borse-iioKer  ia  mnfii  Mualier 
In  the  csK  nf  the  btfrh-pmnire  triple  tlun  tliaC  of  tlie  double  componnd 
of  ^1  or  Iff)  Iba.  working  imxNire,  thtu  dE-mamling  smaller  boilen, 
CMideiiK-n),  [iain|w,  pijies,  valvoa,  et£. 

'Diiii  CVtihk-  I )  in  a  ThIt  n:|ireseiitait»n  of  wimt  is  now  g«nerallT  done 
in  trip)'.'  wmpound  eii^ni-«.  and  miirbt  )>e  coiiFider«d  ag  Iwing  the  average 
wefjfht  JUT  indicated  hurRe-|>ower ;  therefore,  we  may  reasonably  conclaile 
tlie  weight  of  the  macliiiienr  hu  been  redaccd  oomething  like  5  i«r  wait, 
b;  the  introduction  of  the  (ripio  enjriiiM  us  c(im]>ared  nitb  th<;  double 
coinjtonndL'ntpnci. 

Wear  and  '/'far. — The  qnefltion  of  wear  and  tear  cannot  be  so  positively 
answered  us  tbe  two  jirevioiis  ones.  The  writer  coiiBiders,  from  the 
experience  we  liavo  had  during  the  past  three  years,  thut  we  aro  now  in  a 
jNwilion  to  form  a  fair  and  reliable  opinion.  He  has  of  late  made  special 
enquiry,  nnd  is  disjiimcd  Ui  say  thf  coKt  of  maintenance  with  engines  of 
the  higher  presBure.  will  not  fxceitl  Hint  of  the  componnd  or  lower 
pretwure;  in  taut,  with  a  well-bnlunced  three-crank  engine  it  should  be 
oren  leu. 

Tlio  i!ost  Brining  from  tlii'  resiKmsibilily  of  the  ImilderB  during  the 
oitliniiry  gnarantcp  jicTiod  of  six  months  for  a  great  number  of  vessels 
hns  not  iKien  in  any  way  cxcesBive,  or  Ix'yond  what  might  lia\'e  been 
i-xiHioted  in  tliu  (!oni|)ounds.  This  is  liornu  out  hIko  by  the  testimony  of 
MivcntI  unginooin  of  lai-ge  exiieriuna;. 

Messrs.  Tlios.  Wilson  &  Sons,  Hull,  havo  foiirtuen  vessels  fitted  with 
triple  onginos,  nnd  liavu  had  a  long  and  varied  experience  with  them  ia 
nil  forms.  The  first  of  their  triples  c^ame  out  and  made  a  voyage  in  the 
year  1HM2  ;  thoy  were  early  advocates  and  amongst  the  first  to  see  tbe 
advantage  of  the  application  of  the  triple  engines.  Mr.  Spear,  their 
engineer,  writes  as  follows : — '•  Our  cx|ierience  with  triple  engines  shows 
that  they  have  not  Iwoii  any  more  costly  to  maintain  in  good  working 
order  at  sea  than  the  compound  engines ;  in  fact,  one  of  the  least  costly 
in  our  Hi-oi  of  Rixty-five  slonmers  is  a  triiile  thi'ee-fnink  t-ngiuf." 


coMPOUxn  ( 
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One  feature  worthy  of  consideration  ia  the  sticwsafnl  application  of 
metalHc  packing  in  tlie  rods  exixwed  to  the  aetion  of  high-pressure  ateam, 
also  to  the  packing  of  the  feed  punjpa  with  the  Game  metal ;  tins  tends  to 
reduce  the  labour,  cost,  aud  detention,  and  to  materially  lesaen  the  cost 
of  wear  and  tear. 

Boilers. — In  reference  to  the  life  of  the  high-preaanre  boilers,  the 
writer  would  point  out,  under  this  head,  the  relative  position  we  now 
hold  to  that  of  the  time  of  the  last  rise  in  boiler  presstirea,  which  is 
marked  indeed.  We  are  at  the  present  time  in  a  very  much  bottei" 
position  in  our  vai'ious  boiler  ehops,  for  producing  a  boiler  of  150  to 
180  lbs.  pressure  per  siinare  inch,  thau  we  were  at  the  introduction  of  the 
60  to  HO  lbs.  pressure  boiler.  Our  boiler  plant  to-day  is  quite  different,  it 
ia  a  question  of  boiler  making  by  mechanical  appliances,  and  our  present 
advanced  machinery  is  quite  capable  of  the  manufacture  of  the  heaviest 
toiler  material  now  required  with  certainty  aud  success. 

Tliis,  in  addition  to  the  introduction  of  mild  steel  as  a  material  for 
boiler  manufacture,  has  made  a  marvellous  chan<re  as  compared  with  what 
we  had  fifteen  to  twenty  years  ago,  almost  every  feature  in  our  boiler 
making  now  coming  under  the  power  of  machinery. 

The  design  of  the  boiler  has  also,  during  the  jmst  few  years,  had  more 
attention  given  to  it,  aud  the  manufacture  is  subjected  to  greater 
supeiTision  than  ever. 

The  factor  of  safety  in  all  its  parts  is  the  same  as  with  the  recent 
practice  of  HO  lbs.  per  square  inch  ;  the  same  water  tests  being  applied, 
viz,,  double  the  working  pressure;  aud,  in  the  opinion  of  the  writer, 
everywhere  better  looked  after  in  the  genera!  design  and  manufacture. 

The  experience  of  the  past  beara  out  that  the  boiler  of  to-day,  with  its 
higher  pressure,  is  equal,  if  not  superior,  in  eveiy  way,  both  in  construc- 
tion and  materia],  to  what  has  been  previously  produced  (  and  doubtless 
its  life,  from  the  evidence  we  have,  will  be  of  longer  duration  than  any- 
thing hitherto  manufactured  in  marine  boiler  practice. 

The  skill  Tfjuired  at  sea  in  doing  the  work  of  the  sea-going  engineer 
is  very  much  the  same  to-day  In  the  triple  compound  engine  as  in  the 
ordinary  compound.  There  arc  one  or  two  points  that  require  special  or 
a  little  more  attention ;  the  engines  themselves  are  practically  the  same, 
hut  the  boilers  probably  require  some  additional  attention  and  judgment 
in  working  with  higher  pressures,  The  great  question  on  a  long  voyage 
is  to  keep  a  sharp  look  out  upon  the  water  supplied  to  the  boilers. 

After  leaving  port  we  find  that  the  contents  of  the  boiler  is  practically 
changed  in  eight  or  ten  days'  steaming  (say  in  a  boiler  13  feet  by  llj  feet 
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long).  tliiB  being  the  casp,  it  hna  to  l>e  re]ilnec(l  l>y  onJinjiry  supjily  from 
the  feed  puiii]B ;  if  sea  water  is  stipplied,  tlic  density  of  the  water  »t  the 
end  uf  eight  to  ten  days  bccomea  ^^  of  salt,  and  at  the  end  of  tliirty 
days  we  find  a  saltnesa  that  is  quite  high  enough  for  any  ordinary  work- 
ing under  high  jii'ossui'e. 

With  boilers  of  150  lbs.  pressure  it  is  most  essential  to  reduce  the 
Vfaste  of  water  in  the  engines  to  the  minimum,  also  care  should  be  taken 
to  sec  that  the  deaiand  is  mode  up  by  a  supply  of  fresh  water,  and  some- 
thing that  wiil  not  bo  injurious  under  the  exgessiTc  pressure.  This  ia  of 
great  importance  to  the  working  engineer,  and  requires  to  be  carefully 
attended  to. 

A  good  many  failures  have  occurred  in  high-prcfsure  Iwilers  by  the 
fnniaoes  collaiffiing,  and  this  ia  largely  due  to  the  deposit  from  salt  water ; 
in  this  condition  the  furnace  plates  become  excessively  hot,  and  under  the 
gi-eat  pressure  come  down  very  easily. 

Wliat  is  required  in  working  Iwilers  at  sea  is,  first  of  all,  to  got  n 
covering  for  the  internal  surfaces ;  after  this,  to  use  frosli  water,  or  water 
as  pure  as  can  be  got.  avoiding  scumming  and  blowing  ae  much  as 
possible. 

This  covering  can  be  succesaiiilly  got  by  the  use  of  sheet  ainc  plates, 
supported  or  suspended  in  the  water,  together  with  a  daily  supply  of  com- 
mon Boda,  which  will  form  a  good  enamel  and  covering  for  the  tulies, 
furnaces,  and  interior  parts  ol'  the  boiler.  The  use  of  zinc  is  common 
and  generally  produces  good  results.  The  practice  in  Her  Majesty's  navy 
is  to  use  zinc  freely  and  to  scum  very  little. 

The  writer  has  no  sympatiiy  witli  the  practice  of  getting  a  heavy 
Bcale  by  salt  deposits  to  protect  the  surfaces  exposed  to  the  action  ol'  the 
water. 

A  Bonilmy  voyage  can  be  worked  sueceasrully  without  either  scum- 
ming or  blowing.  The  roUoiving  extract  frtmi  a  letter  of  the  chief 
engineer  of  the  vessel  marked  M  (Table  2)  will  show  what  lias  been 
done,  and  the  condition  uf  her  boilers  is  now  highly  satisfactory,  wiih  a 
clear  white  covering  over  the  whole  of  the  internal  imrta :— '■  lioiler  filled 
with  fresh  water  (C'ardiff  Dock  water),  nnd  on  arrival  at  Port  Said,  1 1  daya 
11  hours,  density  |,  but  owing  to  bank  fires  and  canal  work  reached  ^'^ 
on  14th  day  from  Cardiff.  Arrival  at  Ron>bay,  23  days  l-lj  hours'  steam- 
ing time,  density  reached  2j  bare.  Total  time  under  steam  25  days 
6  houra  ;  during  this  time  scum  and  blow-off  cocks  remained  imopened." 

This  the  writer  considers  the  basis  of  good  sea  working.  The  work- 
ing of  the  boilein  at  sea  is  a  very  vital  question,  and  of  the  highest 
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importance  in  the  management  of  triple  compoDud  engines.  He  should 
certainly  advocate  the  application  of  some  easy  and  simple  method  of 
milking  on  the  voyage  the  required  amount  of  fresh  water  to  meet  the 
demands  of  waste,  etc.,  and  to  reduce  the  deposit  to  the  minimam. 

Performance  of  VESSEr.8  as  taken  from  the  Log  Books, 

The  accompanying  table  (Table  2)  wiU  show  the  difference  in  the  con- 
sumption nf  coal  osed  in  the  variona  vessels  therein  quoted.  Vessels 
takeji  are  largely  of  the  ordinary  cargo  type  as  btu'lt  on  the  North-East 
Coast,  and  fair  ciamples  of  double  compound  engines. 

It  ia  very  difficult  to  get  absolutely  relialile  data,  ao  that  valid  con- 
chiaions  may  Ic  drawn ;  the  writer  has  therefore  kept  Ui  vessels  with  which 
he  is  in  a  measure  conversant,  and  knows  something  about  their  general 
pcrlbrmauce.  Those  that  have  been  supplied  from  other  ciigmcere  are 
carefully  selected  and  equally  reliable,  and  he  considers  the  figures  may  be 
fairly  depended  upon. 

Tiie  performances  of  the  vessels  taken  in  comparison  are  promiscuously 
selected,  no  special  eflbil  having  been  made  previous  to  the  commence- 
ment of  the  Toyage  to  do  anything  out  of  the  ordinary  every-day  working; 
cjtre  has  l>een  taken  to  select  voyages  where  the  weather  has  been  reason- 
ably fine,  and  as  nearly  as  possible  nuifonn,  hut  beyond  this  they  may  be 
taken  as  average  voyages,  and  snch  that  may  be  repeated  at  any  time  by 
the  several  vessels,  and  represent  their  work  in  the  ordinary  weather  at 
sea.  It  may  also  be  mentioned  that  the  engines  and  ships  quoted  in  the 
tables  herewith  represent  the  production  of  sis  shiphuilders  and  six  manu- 
facturing engineers  located  in  different  parts  of  the  Korth-Bast  aad  West 
coasts. 

The  table  (Table  2)  will  largely  ciplain  itself.  It  may  only  be 
necessary  here  to  point  out  how  a  few  of  the  columns  are  arrived  at,  and 
their  object.  Oohimos  7, 8,  and  9  are  means  on  the  voyage,  the  draft  on 
leaving  port  and  the  draft  on  arrival  at  the  outward  port.  The  mean  is 
taken  to  represent  the  draft  on  voyage,  the  displacement  and  dead-weigUt 
following  in  the  same  course.  Column  11. — The  consumption  is  taken 
at  a  speed  of  10  knots,  either  increased  or  reduced,  on  the  assumption 
that  the  power,  or  coal,  varies  as  the  cube  of  the  speed.  It  is  uunccesBary 
to  state  that  this  is  not  absolutely  correct  in  each  case ;  however,  the 
difference  is  so  slight  that  we  may  take  it  as  being  approximately  coiTcct 
and  suitable  for  our  purpose,  es]iecially  so  when  we  consider  that  all  the 
vessels  are  treated  on  the  same  basis,  and  the  range  of  speed  is  not 
great. 
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Golomns  12,  13,  14,  15,  and  KJ  have  been  brong^ht  to  a  speed  of  10 
knoto,  with  1,000  tons  weight  and  1,000  knot*  distance  etcamed,  as  a 
simple  method  of  comparison. 

Comparing  the  totals,  displacement  and  dead-weight  performance  of 
the  vessels  fitti.-d  with  donble  com|K)Uiid  engines  (eleven  in  all)  as  against 
the  totals  of  the  vessels  fitted  with  triple  compound  engines  (nine  in  all), 
we  have  a  saving  of  coal  on  the  displacement  performance  eqoal  to 
24-7S  per  cout.,  and  on  the  dead- weight  performance  we  have  a  saving 
equal  to  25-38  per  cent. 

To  compare  the  performance  of  two  vessels  satisfactorily  we  ongbt  to 
have  them  as  nearly  as  possible  the  same  size,  the  same  displacement  and 
dead-weight,  same  speed,  uad  on  the  same  voyage.  Tu  do  this  we  will  take 
a  few  eiaraples  from  the  table  and  compare  them  separately — vessels  as 
near  alike  as  we  have  them,  with  as  little  alteration  to  the  actual  voyag« 
performance  as  possible — to  show  more  conclusively  the  saving  dne  to 
the  triple  cylinder  engines. 

Let  us  compare  H  and  M.  These  vessels  arc  nearly  the  same 
size,  si>eed,  etc.;  bIsm,  they  are  on  the  siime  voy^c  (Liverpool  to 
Bombay  and  back),  managed  by  the  same  owners  and  under  the  care  of 
the  same  superintendent  engineer,  and  have  a  good  many  features  in 
TOmmon  ;  H  is  an  iron  vessel  and  M  a  st«el  vessel.  It  will  be  seen  by 
Table  2,  columns  H  and  3,  that  even  though  M  is  steel,  she  is  compara- 
tively heavier  in  equipped  weight.  This  proportionately  reduces  the 
saving  in  the  dead-weight  [wrformaace, 


Taking  results  at  a  H]X!ed  of  ]0  knots,  as  per  colurans  13  and  15.  we 
have  the  following ; — 


t'OKBUMPTtON   0 


DiBn.AuriiKiiT  PasroiutAHDR. 

DuD-vnaHT  Fcuo»uioil 

RoulL 

*'^m,ri"™ 

—..     -^Sr- 

M 

18-892  tons. 
1*598  t«in. 

82-72% 

29-655  ton-. 

Then  again,  let  us  compare  (i  and  L.  L  is  a  steel  ship,  and  shows 
relatively  lictter  performances  in  dead-weight  as  compared  with  G,  simply 
by  being  lighter  in  equipped  weight  in  relation  to  dead-weight. 
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Weather. 


18. 
lite  ... 


Quality  of  CoaL 


vcn 


|atc 


pie   light    and  fair 

jids. 

iiiid  fair  winds,  fine 

ven  . . . 

•  •  •  a 

I 

Me    ... 
jrsble 

I- 


Pre»- 

sure.        of  Ship. 


19. 
Tyne  and  Welsh 

Welsh  and  mixed 

Tyiie  and  Welsh 

Japan  and  Welsh 

Tyne  and  VV'elsh 

!  Scotch  and  Welsh 

Welsh 

Do. 

Do. 

Do. 

Do. 
Yorkshire 
WeUh 
Com.Staithe8,  Hartley 


T> 
W 


31. 

Lbs. 


w 

Mi 

Tv 

81) 

W 

Ja 

80 

w. 

N( 

8;) 

Sc. 

80 

W. 

All 

80 

85 

85 

85 
All  80 
All 


100 


All 


32. 

Iron. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

SteeL 
Iron. 

Do. 


Material      Mark. 


H 
C 
D 
E 
P 
O 


I 
J 

K 


o 

o 

>  o 

a 

c 

C0 


\ 


11 


fTINFBD. 


Wither. 


18. 


Quality  of  CoaL 


19. 


and  f rcsli  winds,  fine   Tyne 

head  winds,  fine  ...    Tyne  and  Fcrrendale 
Mnds  generally,  fine:  Welsh  and  Belginm... 


Pros.      ICaterUJ 
rare,    i   of  Ship. 


31. 

Lbs. 

I 


32. 


150  .    Steel. 


Do. 


• 


inds  generally 

and      light     winds 

nerally. 

land   variahle  winds, 
lod  weather. 

lietid  and  hoani  winds 

variahle  winds 

and  lij,'ht  winds  all 
r<)ugh  passage, 
hivea 


Nixon's     Navigation.;  1     150 
Welsh,  and  York-;  ] 
shire. 

Vork.shire 


rate  .. 
:>. 

I^iven  . . 
l>le     .. 
[). 
irable 

0. 


;ering  gear. 


. .  I 


Do. 

D(.. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Welsli 
Do. 
Do. 


,  Welsh  and  Odessa   . 

I 
I 

Yorkshire 
Hood's  Merthyr 
Com.Staithes,  Hartley 


llIO 


150 

150 

150 
150 

150 

150 


\ 


Do. 


Do. 


Do. 

Do. 

Do. 
Do. 

Do. 

Da 


M 


N*   !    )•    "^ 

Pi 
r/2 


O 


Q* 
R 

S 

T 


J 


I 
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COHflVMFTIOK  OF  COALS   FEB  1,000  TONS   CAKBIBD  FEB  1,000   KnOTS. 


DlSFLACXBUniT  PKBPOBMANCK. 

DXAD-WKiaHT  PSBrOBMANCE. 

Result 

8»Tiug  in  f»Tour 
of  triple. 

n^,.,u                ttaving  in  favour 

o 

L 

18-579  tcnis. 
14 1S>4  tons. 

23-6% 

29o9Uoii8. 
21-5G1  tons. 

271-4  % 

AssumiDg  G  to  be  a  steel  vessel,  and  compared  with  L,  we  have  an 
additional  dead-weight  dae  to  the  difference  in  equipped  weight  of  a  vessel 
of  this  size,  between  steel  and  iron,  which  is  approximately  192  tons;  this 
would  give  the  saving  due  to  the  triple  engines  of  2389  per  cent,  only, 
as  against  27*14  per  cent,  as  above ;  difference  being  3*25  per  cent.,  due 
to  the  extra  weight  of  ship. 

Let  us  now  take  D  as  against  0.  These  vessels  are  very  similar ;  0 
is  a  little  less  in  displacement,  more  beam,  and  perhaps  a  little  more 
difficult  to  drive.  D  is  an  iron  vessel  and  0  a  steel  vessel,  but  with 
displacement  and  dead-weight  relatively  the  same. 

COHSITMFTION  OF  COALS   FEB  1,000  TONS   CABBIED   FEB  1,000  KNOTS. 


DiBPLACKMKNT  PSKrORMANCK. 

DBAD-WKIOHT  PKBrOBMAKCB. 

Result. 

Saving  in  faTour 
of  triple. 

Result. 

SaTinf  in  favour 
of  triple. 

D 
0 

18-934  tons. 
14-277  tons. 

24*59% 

28-577  tons. 
21-510  tons. 

24-72% 

Then  take  K  as  compared  with  S.  These  vessels  are  both  built  by 
the  same  firm,  engined  at  the  same  works,  managed  by  the  same  owners, 
in  every  way  treated  alike,  and  practically  in  the  same  trades.  E  is  an 
iron  vessel  and  S  a  steel  vessel. 

CoirSUMFTION   OF  COALS   FEB  1,000  TONB  CABBIED  FEB  1,000  KkOTS. 


K 

S 

DldPLACEMBNT  PBBPORMANCB. 

• 

DlAI>-WBiaBT  Pebfobmancb. 

Result 

Saving  in  favour 
oftriple. 

Resolt 

Saving  In  favour 
oftriple. 

18-348  tons. 
13-846  tons. 

27-26  96 

27-287  tons. 
19-220  tons. 

29-43% 

K  as  compared  with  T,  the  same  conditions  ad  E  and  S.    T  is  a  steel 
vessel,  a  duplicate  of  S. 
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COHBUUFTIOK   OP   Ck}ALB    FBB   1,000   TOMB   CkKBlBD   FEH  1,000   KKI 


K 
T 

SurLACiUIllT  PKSTORKANtX. 

DUD-HEioBT  PisroiauirK. 

XwiU. 

^-^t!^™ 

E^it 

""S'.iyi™' 

IB'348  toils. 
1*306  tons. 

22-03  96 

27237  ton*. 
20-603  tons. 

Sl-35  56 

Let  ue  now  compare  D  and  Q.  Thebe  vesselB  ai-e  practically  of  ctjua! 
Bjieed,  and  as  per  table  respectively  l}-2  nud  9-26  kiiote  jier  hour. 
Briiigiii<,'  them  both  to  9  knots  per  hour  we  have  the  followiug — D,  iron 
veesel ;  Q,  steel  vessel : — 


Diiiri.u.'iiHiin  Piiiiroii]iA).'L'K, 

Db*1>-WUuIIT  PlBKlHIlAHa!. 

E-nU, 

SiirUii  In  r.Toui 
nf  triple. 

RaulL 

■^"SftlSir" 

D 
9 

15-976  bills. 
12-872  tons. 

ma^ 

2-V113  toiiB. 
19-:i3B  toii9. 

20-22  96 

I  Then  take  1)  and  P  on  the  basis  of  9  knots  we  have — D,  ironj  P,  steel— 

F  Coals  tkh  1,000  Tosm  carried  per  1,000  Ksots. 


1' 

D„r.,C«,KT 

P,.r„«»A«CK. 

B-ult. 

'  o'^lrtblS'" 

Roult. 

*"^tri:£.™' 

15-S76  tons, 
18-190  tons. 

17-48  96 

24112  loiii. 
19-609  Urns. 

18-67  96 

E  and  R  at  1*  knots — E,  iron ;  R,  Bt*el.     This  steel  ship  is  very  hcuvy 
Q  equipped  weight,  and  proportionately  heavier  than  the  iron  one. 

CoKHCUl^ION   OF   COAU   FEB   1,000   ToNB    CAEBIED   FEB  1,000   RhOTS. 


DUTLACIHEIJT  PurouiUICI. 

!....,.,..«, 

F,.ro^.,u. 

fiwilt. 

8.^^»^«™ 

R«ul(. 

Bkritwi  Id  Imnat 

E 
R 

17-461  tons. 

13  821  ton«. 

80-80  96 

26764  tons. 
21-448  torn. 

19-86  96 

'  Let  us  now  take  J  and  K  at  the  speed  as  per  vojiit;e,  viz..  !i  knots. 
These  vessels  are  built  and  englned  by  the  same  iinn,  managed  by  the 
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same  owuers,  and  treRted  alike  in  every  way. 
shown  above,  is  a  Tcry  heavy  steel  ship. 

CoNSPKPIfOM    OP   CO.ILS   PER   1,000   To^fS 


D«...C.-.KXP..«..-.».,. 

DfAIUfKlOUT  PKarofcMiKCT. 

B«tll 

^'TtSr™ 

R«ult, 

^'^J?p!r™ 

J 

R 

17-981  tons. 
13-821  toin. 

S3  13  9f 

27-601  ton*. 
21  418  tot». 

22-55  96 

The  displacement  performance  ie  the  work  done  by  the  engioea,  and 
on  tliia  liasis  wc  mnst  draw  our  conclnsions.  If  we  hnd  had  atecl  shi]« 
fitted  with  compound  and  triple  engines  of  the  same  e([iiip|Kd  weight, 
size,  etc.,  wc  could  have  compared  successffUly  both  tlie  displacement  and 
dead-weight  performance.  Certoinly  shipowners  look  at  the  amount 
carried  and  cost  of  same,  this  can  he  arrived  at  by  a  reference  to  Table 
2,  iu  columns  18  and  15. 

Steel  vessels  built  to  Lloyd's  rules,  as  compared  with  iron  vessels  of 
the  same  dimeusioas,  other  features  and  the  general  arrangements  being 
the  same,  say  vessels  as  quoted  in  Tabic  2,  \-arying  from  2,0u0  lo  -1,(100 
tons  dead-weight,  are  approximately  better  carriers  by  TJ  per  cent.,  due 
to  the  hghter  section  of  material  used  iu  the  construction  of  the  hull. 

Taking  the  displacement  alone,  we  may  fairly  conchide,  as  shown  by 
vessels  quoted  iu  Table  2,  that  there  is  a  saving  in  the  consumption  of 
fuel,  by  the  adoption  of  the  triple  compound  engines,  as  compared  with 
double  compound  engines  ot  from  20  to  25  per  cent,  in  favour  of  tlie 
triple. 

The  writer  cousident  the  vessels  (jnoted,  fitted  with  double  compound 
engines,  aie  a  ^presentation  of  the  beat  type,  good  examples  of  their 
class  and  size,  and  that  for  our  future  guidance  we  may  with  confideuce 
take  224  per  cent,  as  representing  the  saving  due  ti»  the  ado])tinu  of  the 
triple  form  of  engines. 

UispUice)nei>t  jier/vrmaiice. — Table  ;J  has  liecu  pi-epared  to  meet  the 
objection  some  may  raise,  that  of  it  being  unfair  to  compare  the  per- 
formance of  vessels,  by  simply  increasing  or  decreasing  their  consumption 
on  the  basis  of  the  power  varying  us  the  cube  of  the  speed,  and  then 
takiug  the  consumption  per  1,000  tons  displacement,  without  taking  into 
account  inequality  iu  the  size  of  the  vessels ;  and  that  each  ton  of  dis- 
placement in  a  small  vessel  requires  more  power  to  drive  it  than  each  ton 
iu  a  large  vessel  ut  the  same  speed. 
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CmmmhnpK 

M^ 

SpBCd, 

■j^^ 

r?sr- 

1. 

2, 

3. 

4. 

b. 

A 

5.585 

10-07 

2056 

100-66 

129-67 

fl-54 

26-20 

11195 

116-59 

B 

3Mb 

8-84 

12^ 

98-21 

132-H9 

C 

5,046 

9-916 

20-2 

85-79 

152-12 

D 

43*9 

9-2 

161 

9173 

143-27 

R 

♦.483 

6-8 

16-6 

103«8 

125-64 

V 

6.005 

9-308 

20-1 

10376 

125-78 

n 

6370 

9-2S 

24-23 

103-28 

126-37 

H 

B.868 

9-25 

23-25 

9178 

197-70 

7.28S 

8-81 

24-8 

117-53 

111-05 

I 

(1,012 

10- 

26-5 

97-83 

133-68 

J 

4.505 

9- 

17-5 

107-20 

12175 

K 

5,9«) 

10- 

35- 

93-64 

14088 

6,960 

10- 

27-6 

101 '90 

128-08 

Hcui  uf  Cumixiunt 

10078 

130-82 

L 

7560 

10-1 

26-5 

80-41 

162-81 

7.140 

10'16 

25-5 

79-88 

163-40 

H 

6,670 

10'06 

25- 

84-66 

154-15 

6,642 

10-5 

25-5 

75-93 

171-67 

N 

7324 

11-895 

40-73 

74-80 

174-48 

8,330 

11-767 

41-63 

75-93 

171-88 

8,317 

12-208 

48-62 

79  10 

164-38 

B,5O0 

12  333 

48-86 

76- U 

171-41 

7388 

12126 

48-8S 

(*t-24 

154-93 

8.606 

12-083 

4h-83 

7975 

ies-65 

8.3(S 

12-521 

54-25 

81 -(i6 

159-81 

i;,9Bi 

I2lt59 

44-10 

83-98 

156-41 

8.439 

11 WS 

49-09 

83119 

156-33 

7.&a7 

1219S 

50-31 

87-96 

148-38 

0 

4,310 

10- 

11- 

64-39 

20St68 

4,400 

9-534 

1375 

71-97 

181-32 

P 

4.4C0 

8-76 

1172 

7838 

10651 

Q 

4.sy2 

H-iG 

13- 

75-61 

172-83 

& 

3.684 

it- 

11- 

77-05 

169-37 

8 

5,970 

98 

18- 

70-78 

134-36 

T 

5,»70 

10- 

20-5 

73-88 

172-00 

Hmt 

ofTriploi    . 

7821 

167-67 

In  thiH  tiible,  column  4  showB  the  comparative  performances  by  bring- 
ing the  consumption  to  that  lor  a  speed  of  1 0  knots,  fui-  a  standard  Tcssel 
of  5,000  tons  diaplacement,  oii  tlic  assiiuiption  tliat  tlie  power,  and 
approximately  the  consumption,  vary  in  proportion  to  the  cube  of  the 
speed,  and  the  two-third  power  of  the  displacement. 

This  table  will  also  show,  in  column  5,  what  may  be  called  the  oo- 
elficient  of  coal  performance.     In  this  we  compare  the  speed  cubed,  the 
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two-third  power  of  the  displaceraeDt,  and  the  pounds  of  coal  consumed 

per  bonr,  in  the  formala—  Jj^^P"  ^  .^  "Pf '^*^'-  =  Co- efficient.   This  being 
libs,  coal  per  hour 

simply  the  Admiralty  diapjacement  formula,  with  coiil  Bubetituted  for 

power. 

Column  i  shows  100-78  for  compound  and  78'21  for  triple,  or  a 
saving  of  22"3  per  cent,  in  favour  of  triple.  Column  6  gives  a  co-efficient 
of  180"32  for  compound  and  167-G7  for  triple,  being  equivalent  to  a  saving 
of  2^-27  per  cent,  in  triple  compound  engines  over  double  compound. 

Columns  Nos.  4  and  5  in  Table  3  are  in  principle  identical  methods 
of  comparison,  but  in  different  forms ;  in  other  words  the  saving  shown  is 
prnctically  the  same. 

Alt)iough  Table  8  is  undoubtedly  the  more  correct  method  of  com- 
parison from  an  engineer's  point  of  view,  yet  in  comparing  vessels  of 
similar  size,  the  saving  as  shown  oa  Table  2  is  nearly  the  same,  and 
sufficient  for  our  piirjiose. 

This  difference  in  coal  consumption  will  undoubtedly  make  a  large 
saving  in  the  work  of  12  months  to  the  shipowners  who  arc  fortunate 
enough  to  have  had  their  vessels  fitted  with  triple  compound  engines. 
The  writer  will  now  endeavour  to  show  what  the  saving  amounts  to  in 
a  single  vessel  over  a  period  of  12  months. 

Take  a  vessel  to  carry,  say  3,000  tons  dead-weight,  at  a  speed  of  9  to 
9i^  knots  per  honr,  and  assume  the  steaming  at  sea  to  be  250  days 
per  annum  (which  is  a  fair  proportion  or  average  of  the  work  done 
at  sea  by  efficiently  mani^ed  vessels),  with  a  difference  of  consumption 
of  coal,  of  from  lOJ  to  12^  tons  per  24  honrs ;  this  on  250  days,  at  a  cost 
of  coal  of  20s.  per  ton,  as  pointed  out  by  the  President  in  his  inaugnral 
address,  being  the  all  round  value,  and  which  we  may  accept  as  near  the 
correct  price,  will  mean  a  saving  to  the  ownore  of  nearly  £1,000  per 
annum,  without  taking  into  consideration  any  other  advantages  which 
the  new  type  of  engine  may  possess. 

The  difference  in  the  cost  of  coal  would  be  as  above  stated  £1,000. 
This  on  £23,000,  which  is  to-diiy  a  fair  price  for  a  cai^o  steamer  of  this 
dead-weight,  would  be  equal  to  a  dividend  of  ■i'34  per  cent,  per  annum. 

To  further  show  the  difference  in  cost  of  coal  for  a  period  of  12 
months,  between  a  vessel  fitted  with  triple,  as  against  donble  compound 
engines,  let  us  take  D  as  a  vessel  capable  of  carrying  3,000  tons,  and  on 
u  voyage  to  Bombay  and  hack  to  the  Tjne,  at  a  speed  of  9-2  knots  as 
represented  in  Table  2,  column  3,  we  have  the  following  coat  of  coals, 
on  a  voyt^e  to  Bombay  and  back  to  the  Tyne  as  per  Table  No.  4. 
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Tuble  4,  yage  24^,  shows  tbi:  ixist  of  the  wa\  bill  in  the  caeo  of  the  cum- 
pouiid  to  represent  £720,  and  the  same  vessel,  assamed  to  be  fitted  with 
triple  engines,  thu  coal  bill  represents  £485.  In  reference  to  tlie  ship 
as  fitted  with  compound  engines  this  is  au  nctual  voyage,  and  the  coal 
flccoimt  OS  invoiced,  the  triple  engine  is  represented  os  starting  with 
the  same  dead-weight,  uilliiig  at  Malta  outwards,  and  is  in  the  same 
relative  position  on  leaving  Bombay,  calling  at  Port  Said  fur  a  small 
quantity  of  coal,  and  arriving  at  the  same  home  port  with  a  Liilance  of 
L-oal  on  boaid  equal  to  that  as  shown  by  the  doable  compound.  This 
shows  a  difference  in  favour  of  a  vessel  of  this  size  fitted  with  triple 
engines  of  equal  to  £2:15  )ier  voyage ;  this  on  timr  voyages  per  annum 
will  represent  a  total  of  £010,  and  will  show  a  dividend  equal  to  about 
4'00  i»ei'  cent,  on  the  value  of  the  veaael ;  this  is  esulnsive  of  the  cob- 
sideration  of  port  dues  in  the  ease  of  the  vessels  fitted  witii  componnd 
engines,  when  calling  at  Aden,  which  menna  expeiisi;  and  detention. 

Table  5,  on  the  following  page,  is  a  voyage  abstract  of  the  \'essel  marked 
M  on  ii  voyage  to  Bombay  and  back  to  the  United  Kingdom,  which  repre- 
sents a  saving  per  \'oyage  of  £371,  or  four-and-a-half  voyages  \ter  annum 
is  a  saving  of  £1,683;  this  on  the  value  of  the  ship,  £3t;,000,  is  equal 
to  a  dividend  of  4{j7  piT  cent.  ]wr  year. 

Renewing  the  present  engines. — The  President  in  his  opening  addi'esa 
jwinted  out  the  great  amount  of  work  to  be  done  in  the  shape  of  renewing 
engines  to  the  triple  tj-pc.  and  removing  iho  old  double  compounds,  or 
tri]iling  same.  Doubtless  this  will  be  done  \ery  estensively  at  an  early 
date.  Perhaps  the  wisest  plan,  if  money  was  forthcoming,  would  be  to 
take  the  engines  and  boilers  out  totally,  and  supply  new,  eselnsiye  of  the 
Hliufting  and  ship-aide  valves,  etc.,  which  might  i-emain  iu. 

Nest  is  tripling  the  present  good  componnd  engines,  which  may  be 
done  with  very  great  success.  Many  ways  ha\'e  been  suggested  by  which 
this  may  be  accompUahed,  and  has  actually  been  done.  The  writer  con- 
siders the  most  efficient  way  is  to  add  an  engine  to  the  forward  part  of  the 
present  engines,  as  per  Fig,  C,  Plate  a9.  He  tliought  they  did  not  get  the 
full  advantage  out  of  the  triple  engines  by  the  fitting  of  an  additional 
high-pressure  cylinder  over  either  of  the  present  ones.  The  fittmg  of  an 
additional  cylinder  forward,  as  will  be  seen  from  the  plan,  can  be  done  with- 
out removing  or  alteration  to  the  existing  engines  in  any  «ay  beyond 
replacing  the  high-pressure  cyhnder.  The  engine  space  is  lengthened  a 
little  and  the  boiler  space  reduced ;  the  boilei's  being  made  large  enough 
in  diameter,  with  a  length  a  little  shorter  than  the  usual  practice  in  new 
work.     This  the  writer  considers  of  no  special  importance,  and  would 
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certainly  recommend  the  plan  (Fig.  C)  aa  the  most  efficient  and 
successful  waj  of  arriviug  at  results,  similar  to  what  we  get  out  of  the 
beat  data  of  triple  engines  when  new. 

Trijik  compound  nigrnes  will  doubtless  take  a  stand  for  some  time 
without  deviation  from  the  (irescut  lines.  Quadruple  expansion,  or  four 
cylinder  engines  can  be  worked  successfuily  and  economically  at  a  pres- 
sure of  150  to  180  lis.  pressure  per  square  inch.  This  of  course  is  within 
the  boiler  capacity  of  to-day,  but  the  writer  considers  that  the  triple  com- 
pound three-crank  engine  will  be  as  efficient  and  as  economical  as  the 
quadruple  engine,  with  its  source  of  saving  resulting  from  four  cylinders, 
and  less  rauge  of  temperature  in  the  various  cylinders,  but  on  two  crauks 
iu  tandem.  The  work  to  the  engineer  consequent  u[)oii  the  quadraple 
tandem  design  would  be  greater,  less  accessible,  and  not  likely,  in  the 
writer's  opinion,  to  supersede  the  three-crank  triple.  If,  however,  the 
quadruple  compound  comes  into  nse  the  writer  anticipates  it  will  come  in 
the  form  of  an  additional  cylinder  fitted  over  the  first  cylinder  on  the 
present  three  cylinders  in  line,  triple  componnd  engines,  retaining  all  the 
advantages  of  the  uniform  balanced  crank,  set  at  120  degrees. 

Engine  df.Kriplion. — ^The  following  is  a  brief  description  of  the  type 
of  engine  adopted  by  the  writer  as  per  Figs.  D  and  E,  Plate  40,  and  a  few 
of  the  leading  proportions.  The  working  preoBure  being  160  lbs.  per 
square  inch. 

The  cylinders  are  arranged  in  lino  with  each  other  over  the  centre  line 
of  crank  shaft,  the  high-pressure  being  forward,  the  intermediate  next,  and 
the  low-pressure  aft ;  the  steam  thus  passing  from  the  boiler  to  the  high- 
pressure  cylinder,  and  then  to  each  of  the  others  in  as  direct  a  manner  aa 
possible. 

Each  cylinder  transmits  its  power  to  a  separate  crank,  the  cranks  being 
placed  at  angles  of  120  degrees  apart,  with  the  "  low-pressure  leading"  or 
sequence  of  low,  intennediate,  and  high.  The  cylinder  capacities  of  the 
high,  intermediate,  and  low-pressure  cylinders  respectively  are  represented 
by  1,  2'G5,  and  7.  With  these  proportions  and  "suitable  cub-off" 
equality  of  power  in  the  three  cyhnders  may  usually  be  attained ;  care, 
of  course,  being  taken  to  give  ample  size  of  steam  pipes  and  port  area  so 
aa  to  have  a  moderate  velocity  of  steam. 

With  the  sequence  of  cranks  previously  mentioned  the  range  of  tem- 
perature in  the  cylinders  is  considerably  less  than  with  the  "  high-preasure 
leading,"  thus  minimising  the  loss  due  to  the  condensation  by  the  action 
of  the  cylinder  walls.  Diagrams  Nos.  1  and  2,  Plates  41  and  42,  will 
show  this  difference.     No,  1  being  cards  taken  from  an  engine  with  the 
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high-preaaiire  leading  in  the  order — higli-iiressure,  intermediate-pressure  J 
ODd  low-pressure,  and  No.  2  with  the  low-pressui'e  leading  in  the  oMer— 
low-presBure,  intci-mcdiate-preBsnrc,  and  high-pressure. 

The  equality   in   the  iuitial  stress  tu  tlie  vbHoub  cylindera,   and  I 
nniformity  of  power  ou  these  diinensions  wlieo  in  regular  work  t«nds  to 
give  a  twisting  inomeut  on  the  crank  shaft  very  nni form,  and  certoinl/  I 
adds  to  more  nigidarity  of  motion  throughout  the  eugiue. 

The  valves  adopted  are  of  the  piston  type  for  the  high-pressure,  and 
ordinary  slide-valves  for  the  other  two  cylinders  ;  the  high-pressure  and 
intermediate  valves  are  placed  on  centre  line  of  engines,  and  the  low- 
pressure  in  the  front,  thus  making  the  centres  of  the  engines  equal  to 
each  other.  They  are  worked  hy  the  ordinary  double-eccentric  and  link 
motion. 

The  condenser,  air  and  circulating  pumps,  etc.,  follow  the  proportiona 
of  the  low-pressure  cylinder  on  the  lines  of  the  practice  in  the  doable 
compound  ;  or  these  may  vary  in  the  ratio  of  tlie  steam  used  ;  say,  with 
the  double  compound,  we  use  18^  lbs.  of  steam  per  indicated  horse-power 
per  hour,  which  has  been  fully  establislied,  and  in  the  triples  we  have 
15  to  16  J  lbs. ;  the  terminal  pressure  being  the  same  in  each  case. 

For  hoilera,  the  writer  considers  un  allowiinee  of  heating  surface 
of  3'2  to  3'4  square  feet  per  indicated  horse-power  when  in  regular  work 
on  the  voyage,  a  fair  and  even  ample  proportion ;  and  that  the  gmtc 
surface  is  quite  in  order  when  so  designed  as  to  allow  for  10  to  11  horse- 
power being  developed  per  square  foot  on  the  same  conditions. 


The  Past-Peksident  said,  it  gave  him  particular  pleasure  to  be  able 
(through  the  uufortunuLe  absence  of  Air.  Duxford)  to  take  the  chair  that 
evening,  as  he  was  naturally  very  much  intei'ested,  more  perhaps,  in  the 
author  of  the  paper  than  in  the  paper  itself,  aa  Mr.  Hall  was  connected 
with  him  for  very  many  years  at  the  Wallsend  Slipway  Co.  There  were 
just  one  or  two  points  in  the  paper  to  which  he  sliould  like  to  h^  allowed 
to  speak  upon  by  way  of  opening  the  diBcnssiou.  In  the  first  place,  by 
reference  to  Table  1,  he  thought  Mr.  Hall  was  a  little  too  sanguine  in 
his  statement  which  he  made  fnrther  on  that  "we  may  reasonably  con- 
clude the  weight  of  the  machiuery  bus  betu  reduced  something  like  five 
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per  cent."  If  tht-y  would  refer  to  the  vessels  represented  by  the  letters  H, 
I,  and  K  on  Table  1,  be  thought  that  Mr,  Hall  had  eiaggeriited  the  in- 
dicated lioree-power  which  might  be  obtained  from  those  vessels  in  ordin- 
ary conditions  at  sea.  The  average  of  those  vcBsels  showed  a  heating 
surface  of  27  per  indicated  horse-power,  whereas  in  tlic  last  paraiiraph  of 
the  paper  Mr.  Hull  had,  as  he  thought,  very  properly  pointed  out  that  an 
allowance  of  heatin»  sinfaL-c  of  3'2  to  3'4  stjuare  feet  was  something  like 
the  mark.  The  consequence  was  that  whereas  the  average  of  those  seven 
vessels,  which  were  contained  in  the  latter  part  of  Table  2,  gave  the 
indicated  horse-power  of  1,240,  and  a  weight  per  indicated  horse-power 
of  461  lbs.,  he  thought  that  the  indicated  horse-power  should  be  reduced 
to  1,1511,  and  consequently  give  a  weight  of  49.')  lbs.  pi-r  indicnted  horee- 
]K)wer.  If  they  took  the  first  ]>art  of  the  cohmiu,  they  would  find  that 
the  weight  per  indicatt'd  liorse-power  t^ame  to  501  lbs.  The  fonscquence 
was  that  the  two  were  practically  identical.  Ho  thought  Mr.  Hall 
might  have  contented  himself  with  Raying  that  the  same  power  could  he 
obtained  (he  was  not  speaking  of  specially  desigued  engines,  but  ordin- 
ary engines  of  commerce)  in  ordinary  conditions  and  ordinary  designs 
with  equal  weight  under  the  one  system  as  the  other.  His  \-iew  was 
'>orne  ont  by  reference  to  page  281,  where  he  found  that  if  they  took  an 
ordinary  pair  of  compound  engines  indicating  1,000  horse-power,  they 
would  hare  two  boilers  13  feet  (!  inches  by  about  10  feet  G  inches  long; 
those  boilers  would  weigh  alwiit  50  tons,  and  the  water  contained  in  them 
about  35  tons,  or  say  a  total  of  85  tons;  and  if  they  took  the  same  power 
for  triple  exfmnsion,  they  would  have  a  jMiir  of  boilers  12  feet  C  inches 
diameter  by  H)  feet  d  inches  long,  which  would  weigh  rather  more,  or 
about  51  tons,  the  water  in  the  boilers  34  Urns,  or  say  a  total  weight  of 
85  tons,  ready  for  «;a,  and  thus  they  arrived  at  identically  the  same 
weight,  as  far  as  the  weight  of  the  boilers  was  concerned  for  each  type, 
BO  that  the  saving  in  the  total  weight  of  the  propelling  machineiy,  if  any, 
must  be  got  in  the  engines.  As  it  is  of  coni'se  obviously  impossible  that 
a  third  cylinder,  with  its  correcponding  bed-plate,  piece  of  crank  shaft, 
etc.,  can  be  added  to  the  front  of  the  compound  engines  without  in- 
creasing the  total  weight,  the  solution  of  this  apparent  paradox  is  found 
in  the  fact  that  in  the  three-crank  engine  an  increased  piston  speed  is 
possible,  and  tliDS  that  the  same  indicated  horse-power  can  be  got  out  of 
cylinders  scnallcr  in  diameter  and  of  shorter  utroke;  and  the  added  weight 
of  the  third  cylindei',  etc.,  etc.,  is  thus  absorbed  into  at  least  the  same 
weight  as  wa."!  necessary  for  any  given  indicated  horse-power  in  the  com- 
pound type.      He  wished  it  to  lie  clearly  underatood  that  he  referred 
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Bolely  to  engines  such  as  were  ordinarily  made  and  deaij^ed  for  the  mer- 
chant service,  and  eticli  as  thej  were  nnfortnnatelj  compelled  to  sell  at  a 
very  low  price.     There  was  another  veiy  intereBting  point  with  regard  to 
the  necesaily  for  providing  a  supply  of  fresh  water  during  the  voyage. 
In  two  or  three  veasels,  into  which  he  had  Lad  to  fit  the  engines,  a  tank 
was  fitted  in  the  engine  and  boiler  space,  to  contain  50  tons  of  fresh 
water;  and  a  very  ingenious  contrivance  was  suggested  by  an  engineer 
who  had  chai-ge  of  a  tcsbc!,  by  which  a  set  of  pipes  were  led  from  the 
waterway,  so  tJiat  in  the  wet  weather  the  water  ran  down  into  the  tank,  J 
and  as  tliat  vessel  was  trading  in  a  tropical  climate,  and  where  a  good'l 
deal  of  rain  fell,  he  believed  that  the  result  had  been  very  successful.^ 
He  should  be  very  glad  if  some  member  would  speak  upon  the  sequence 
of  cranks  as  given  on  page  2iii,  which  was  a  very  important  matter. 

Mr.  B.  (i.  NiCHOL  said  he  was  very  pleased  to  have  heard  the  excel- 
lent paper  hy  Mr.  Hall  read,  and  to  have  the  opportunity  of  making  a.  J 
few  remarks  upon  it.  The  paper  was  ostensibly  written  for  the  benefit  of  a 
aliipowuers ;  but  he  felt  sure  that  both  shiphuildere  and  engineers  would  t 
derive  considerable  advantage  from  the  mass  of  valuable  information  ths  I 
anthor  had  placed  before  them.  He  thought  it  a  good  plan  to  bavel 
the  leading  points  of  the  paper  ranged  under  separate  heads,  as  tcndin^l 
to  further  the  progress  of  the  discussion.  Referring  to  Table  1,  page  23(^T 
he  said  the  recorded  results  appeared  to  bo  trial  trip  performances,  while  1 
those  recorded  in  Table  2  were  actual  results  obtained  during  Toyagea.  f 
The  maximum  results,  or  those  obtained  on  trial  trips,  probably  afiTorded  I 
the  most  useful  data  for  the  engineer  and  shipbuilder;  but  he  thought! 
the  shipowner  would  prefer  the  comparison  between  the  double  and  trtpl«  f 
cylinder  compounds  to  be  made  on  the  voyage  [lerformancee,  and  in  his  I 
remarks  on  their  comparative  merits  he  would  confine  himself  to  Table  2.1 
A  glance  at  this  tabic  showed  conclasively  the  author's  first  conbeniioQ  j 
to  be  sustained,  viz  ,  that  triple  compound  engines  in  line  could  be  madS'l 
to  indicate  the  same  power  as  the  ordinary  donble  compound,  and  to  only  J 
occupy  the  same  space  in  the  ship,  and  it  was  therefore  unnecessary  to! 
dwell  upon  that  particular  clause.  Table  1  showed  triple  compounds  to  J 
be  lighter,  per  iudicalcd  hoi'se-power,  than  the  ordinary  double  com-i 
pounds — to  which  the  President  had  just  referred  —  which  wns  certainly  I 
not  borne  out  by  Table  2.     For  example,  the  double  compounds  marked4 

0,  D.  and  E,  in  Table  ],  corresponded  wilh  those  marked  D,  C,  and  I, 
in  Table  2  ;  and  the  triple  cylinder  engines  marked  I,  J,  and  K,  in  Table 

1,  agreed  with  those  marked  Q,  0,  and  L,  M,  in  Table  2 ;  and  the  indi- 
cated power  developed  on  the  various  voyages  showed  iiie  average  weighs  I 
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of  ihe  three  donblc  cylinder  engtueB  to  be  5fI0  lbs.,  and  of  the  three 
triple  cylinder  engines  to  be  SGfiJ  lbs.  jjcr  horse-power,  making  the  triples 
Blightly  heavier ;  but  the  difference  was  bo  umall  that  the  second  question 
might  be  answered  in  the  afRrmative,  viz.,  that  the  same  indicated  power 
can  be  obtained  witliout  increasing  the  total  weight  of  machinery.  The 
reason  assigned  by  the  author  why  triple  compounds  were  as  light,  if  not 
h'gliter,  than  double  compounds  was,  primarily,  the  greatly  reduced 
qitantity  of  cteam  refiulred  per  indicated  horse-power  by  the  triples.  He 
thought  they  might  ascertain,  at  least  ftjiproximately,  the  average  quan- 
tities used  by  the  two  types,  and  how  it  affected  the  weight.  Grouping 
the  tliree  ordinary  compound.",  the  average  heating  surface  jier  indicated 
horse-power  was  about  3'64,  and  the  average  for  the  three  triples  about 
S'424  square  feet ;  the  average  ratio  of  heating  snrface  to  coal  burnt  per 
honr,  2  square  feet  for  the  two,  aud  2'424  square  feet  for  the  three 
cylinder  engines.  Assuming  the  temperature  of  the  feed  water,  in 
all  cases,  to  be  HiO  degs.,  aud  that  of  evaporation  for  the  two  cylinder 
engines  at  324  degs.,  corresponding  to  80  lbs.  pressure,  and  for  the 
three  cylinder  engines  36G  degs,,  coiTesponding  to  150  lbs.  per  square 
inch,  Rankine'a  approximate  rule  gave  an  evaporation  of  8'599  Iba. 
of  water  per  pound  of  coal  for  the  ordinary  compounds  and  8'8256 
lbs.  for  the  triples.  These  figures,  multiplied  by  the  total  [wunds 
of  coal  consumed  per  hour  by  each  type,  and  divided  by  the  corresponding 
indicated  horse-powers,  gave  for  the  double  cyhnder  engines  1G'2.'j74  lbs. 
of  steam  per  indicated  horse-power  per  hour,  and  for  the  triple  engines 
12\'J78  lbs.,  or  23  per  cent.  sa\-ing  in  favour  of  the  triple  engines.  These 
quantities  appeared  to  hiin  to  be  too  small ;  but  as  Ixith  types  were  treated 
in  exactly  the  same  way,  the  amount  of  saving  wotUd  not  be  altered  even  if 
they  got  the  precise  quantities  used  in  each  cose.  The  saving  lu  the  amount 
of  Bt«am  and  consequently  of  coal,  as  worked  out,  agreed  almost  exactly 
with  that  shown  by  the  coal  cost  per  thousand  tons  carried  a  thousand 
miles,  the  displacement  performance  showing  an  average  saving  in  favour 
of  the  triples  of  22-33  aud  dead-weitsht  performance  23-17  per  cent.  The 
economy  secured  by  the  adoption  of  triple  compound  engines  might  be 
taken  advantage  of  in  various  ways.  The  heating  surface,  and  consequently 
the  size  and  weight  of  boiler,  may  be  reduced  until  the  coal  expenditure 
per  horsG-power  is  the  same  as  in  the  ordinary  compound  type,  or  the 
same  proportion  of  iieating  surface  may  Ije  retained  and  a  saving  of 
about  25  per  cent,  of  fuel  effected,  or,  again,  a  compromise  may  be  made 
between  these  limits,  and  this  plan  seemed  to  find  most  favour.  In  any 
case  the  cooling  surface  could  be  reduced  about  20  per  cent.,  say  from 
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2  to  rii  square  feet  jwr  horse-power,  giving  a  smaller  condeuaer.     Tlie 
circnlatiDg  pump  in  the  same  pixjportion,  say  fi-um  10  cubic  feet  of  water 
piT  horee-pou'cr  to  8  cubic  feet,  uir  and  feed  pumps  in  the  aime  ratio, 
with  B  corresptiiiding  reduction  in  tbc  dimeusions  of  h11  pipca  and  cwii- 
ncctioiis.     He  tliouglit  thy  cost  of  miiinteiiance  shouM  not  lie  greater  in 
the  triple  tban  in  the  oi'dinnry  compound  engine,  in  consequence  of  the 
Uii^i-c  [lerfect  Iwlancing  of  f«rt8  and  gi'oater  uniformity  of  the  strains  to 
which  the  heavit-st  and  moat  costly  [Hirts  of  the  machinery  were  subjected, 
by  wliich  its  durjibihtf  would  be  uouBideiiibly  iucreaacd  and  frequency  of 
adjustnieul  lesaened.      lie  thouf^bt  the  evidence  of  Mr.  S[>ear  on  this 
point  was  conclusive,  imd  rcmcniljered  that  Mr,  Taylor,  who  had  had 
large  experience  of  both  typcE,  stated  emphatically  during  tbc  discussion 
of  his  (Mr.  Taylor's)  iiaper  before  the  Institution  that  the  cost  of  main- 
tenance was  no  greater  in  the  triple  than  in  the  two  cylinder  cotit[x>und 
engines,     tky  far  as  the  life  of  the  boiler  was  concerned  he  coiild  not  see 
that  the  increase  of  pressure  could  affect  that  in  any  way,  the  factor  of 
safety  being  the  same  for  I  Tiii  (is  fur  80  lbs.  [«r  square  inch,  and  timt  the 
great  racking  strains  feared  by  some  engineers  could  hardly  be  produoe<] 
by  the  comparatively  small  difference  of  i2  dcgs.  of  temperature  of  the 
Hteam  at  these  two  pressures,  and  the  amount  of  work  performed  by  the 
heatiug  surface  in  transmitting  heat  from  the  furnace  gases  on  the  one  side 
to  the  steam  on  the  other  being  no  greater  in  one  case  than  in  the  other. 
He  did  not  think  that  more  care  wus  required  with  boilers  at  liiu  lbs. 
pressure  than  with  those  worked  at  80  lbs.  per  square  inch.    The  engineer 
who  kept  the  hitter  in  good  order  would  just  as  easily  keep  the  former  in 
the  same  couditiou.    He  quite  agreed  with  the  author  that  it  was  desirublu 
to  have  a  very  thin  white  layer  throughout  the  interior  of  the  boiler  and 
that  its  thickness  should,  by  supplying  fresh  wat«r,  not  he  allowed  to 
increase.     He  might  mention  the  case  of  a  set  of  new  boilers  in  which 
the  engineer,  who  was  a  very  capable  man,  had  found  it  impossible  from 
some  cause  or  otliei'  to  get  a  white  coating  inside,  and  whenever  he 
emptied  his  boilers  to  clean  them  the  water  was  quite  red.     A  careful 
exaoiination  shotved  that  oxidation  had  been  going  on  at  a  rapid  rate  in 
the  vicinity  of  the  water-line.     It  then  occuiTed  to  him  (Mr.  Kicholj 
that,  in  consequence  of  air  lieing  heavier  than  steam  of  the  same  pressure 
and  temiieratiu'c,  an  air  cushion  might  exist  between  the  steam  and  water. 
Two  small  cocks  were  fitted,  one  in  each  boiler  back,  about  the  water- 
line,  in  oi-der  to  get  rid  of  the  air  after  steaui  was  up,  and  on  the  comple- 
tion of  the  next  voyage  the  boilers  appeared  as  though  they  had  been 
liiiuly  «bite«ushed  inside.     In  conHusion.  he  thought  that  Bbipowneis 
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slioul<l  be  greatly  indebted  to  tlie  author  for  the  *'ei'y  clear  and  hioid 
way  in  which  he  had  ahown  that  a  dividend  of  from  4  to  4g  per  cent.  i»r 
annum  conld  be  realised  by  substitiitinf;  triple  cylinder  compound  engines 
fur  those  of  the  ordinaiy  double  cylinder  type, 

Mr.  F.  C.  Marshall  Buid  he  did  not  want  to  occupy  the  time  of  the 
meeting  further  than  to  first  oxpresa  his  indebtedness  to  Mr.  Ball  for  the 
vei'y  valuable  paper.  It  was  of  the  greatest  intei"est  to  every  one  of  them 
to  get  hold  of  facts ;  they  were  the  baais  of  all  their  action,  and  Mr, 
Hall  bad  afforded  them  a  series  of  very  valuable  and  useful  data,  to 
say  nothing  of  facta  for  future  reference.  Returning  to  a  favourite 
subject  of  his,  which  the  wi-iter  had  treated  very  fully,  and  as  the  Presi- 
dent himself  had  observed,  the  weight  of  tlie  machinery  ivaa  very  fairly 
and  accurately  stated  in  the  paper.  He  quite  agreed  with  tlic  President 
tliat  the  weight  of  the  triple  exiian»ion  engine  need  not  exceed  that  of 
the  ordinary  compound,  and  in  ihe  paper  they  had  proof  that  it  worked 
out  nearly  the  same,  and  might  I)e  taken  as  such  constantly.  He  did 
think  they  ought  to  have  made  more  progress  in  that  direction ;  they 
bad  stronger  and  more  reliable  material  now,  yet  since  the  time  he  had 
the  honour  of  reading  the  paper  which  had  been  alluded  to  that  evening, 
the  weight  of  the  machinery  for  merchant  ships  stood  very  uuich  the 
same  as  it  did  when  they  were  using  75  lbs.  pressure.  In  the  paper 
refciTcd  to  he  called  attention  to  the  fact  thiit  in  certain  clasaea  of 
machinery  those  weights  were  enorinonsly  reduced,  and  lie  was  glad  ti.i  say 
that  there  was  a  tendency  to  a  fiirther  rcductiim.  He  would  just  mention 
one  fact  bearing  upon  the  "Comixmud  v.  Triple  Kx]musioM  Engine 
fi\un  a  Shipowner's  point  of  view."  He  had  recently  to  deal  with  tenders 
for  engines  and  the  carrying  out  of  others,  in  which  the  weight  would 
l«  ordinarily  about  475  lbs.,  or  from  that  to  fiOD  lbs.,  per  indicated  horse- 
puwei' ;  and  was  reduced  to  890  lbs.;  a  very  considerable  reduction  and 
an  immense  saving  on  the  total  weight  of  the  machinery  carried.  They 
must  not,  however,  shut  their  eyes  to  the  fact  that  they  could  still  ftiither 
materially  reduce  the  weight.  There  was  no  reason  why  it  should  not  be 
reduced  very  nearly  one-half.  The  weight  of  machinery  carried  on  board 
a  ship  might  be  reduced  from  5i>0  to  Siia,  and  he  might  say  that  to-day 
they  were  prepared  to  make  engines  to  work  under  ordinary  commercial 
conditions  (and  he  waa  sure  his  coUeagaea  conld  do  the  same)  at  250  lbs. 
per  indicated  horse-power.  If  they  would  refer  to  the  total  weight,  say 
of  a  pair  of  1,000  horse-power  engines,  given  in  the  paper  at  218  tons, 
and  couid  reduce  that  by  100  tons,  that  would  be  surely  a  saving  to  the 
shijiowncr,  and  one  of  the  objects  of  that  Institution  should  be  to  take 
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adrnntage  of  such  fatts  as  they  had  in  Mr.  Hnll's  paper,  making  them 
the  basis  of  action  in  this,  as  well  as  the  other  directions  indicated.  lie 
qnitc  agreed  with  Mr.  Hall  and  the  PrcBideiit  as  to  the  result  of  the 
saving  that  might  l)e  effected  in  fuel.  He  aUn  agreed  with  the  writer 
tluit  triple  txpansion  engines  ought  to  l»c  very  mnch  less  coKtly.  He  was 
EatiBlicd  that  the  very  cxpenai^'o  item  of  repairs  would  be  very  macb  less 
frequent  in  tlie  future  than  it  had  been  in  the  past.  With  regard  to  the 
construction  of  the  boilers,  Mr.  Hull  might  have  called  attention  to  the 
corrugated  furnaces,  and  the  great  results  arisiug  fi-om  their  use.  He 
submitted  that  the  question  of  the  factor  of  safety  was  an  importunt  point. 
They  were  still  working  on  the  factors  of  safety  adojrted  for  iron  plates, 
and  that  fautor  of  safety  might  with  good  reason  be  reduced.  The 
enormoi'aly  heavy  plates,  ranging  from  1  inch  to  1|  inches  in  thickness, 
whicii  they  found  difficult  to  get  dosed,  might  very  easily  be  rednced 
by  something  like  one-fifth.  For  many  years  in  his  experience  they  were 
in  the  habit  of  using  iron  plates,  not  one  of  which  ever  saw  n  testing 
machine,  whereas  at  that  moment  every  plate  that  went  into  a  boiler  waa 
severely  and  rigidly  tested.  That  one  fact  alone  was  a  strong  argument 
in  favour  of  a  reduction  of  the  factor  of  safety.  In  his  own  practice, 
when  free  to  do  so,  he  was  reducing  the  Board  of  Trade  factor  of  safety 
20  per  cent.,  and  they  had  the  satisfaction  of  knowing  that  the  Admiralty 
were  also  approaching  that  point.  He  had  nothing  further  to  add  thau 
to  express  his  own  thanks,  and  he  was  sure  the  meeting  would  express 
its  thanks  also,  to  the  writer  of  tlie  paper. 

Mr.  Blecuykden  said,  he  had  very  httle  to  say  escept  to  call 
attention  to  one  iwint  which,  in  his  comprehensive  treatment  of  the 
question  of  the  comparative  weights  of  triple  and  double  compound 
engines,  the  Vice-President  did  not  mention,  and  that  was  a  very  import- 
ant one.  If  Table  1  was  examined,  and  the  revolutions  of  the  double 
compared  with  those  of  the  triple  engines,  it  would  be  found  that  there 
was  a  considerable  inci-ease  in  the  case  of  the  triples.  The  exact 
increase  was  something  like  T2'5  against  65,  or  equal  to  11'5  per  cent. 
Now,  all  other  things  being  equal,  the  weight  of  the  engine  jwr  m 
in  relation  to  the  power  developed  was  in  the  inverse  ratio  of  the 
number  of  revolutions  at  which  it  ran.  In  Mr.  Marshall's  paper, 
which  had  been  referred  to  by  Mr,  Hull,  the  weight  given  for  ordinary 
compound  engines  was  480  lbs.  per  indicated  horse-power,  and  he 
believed  this  weight  was  for  the  indicated  horse-power  developed  on 
the  voyage.  In  his  experience,  that  weight  was  very  low,  and  not  a 
common  result,  though  lie  had  examined  a  couple  of  cases  that  day  and 
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foQnil  it  actuaUy  a  fact  that  those  engitiea  developed  so  high  a  power  in 
relation  to  the  weight — thia  power  being  alxint  fiO  per  cent,  of  what  had 
been  developed  on  the  trial  trip.  He  might  say,  howerer,  that  they  did 
not  continue  to  run  at  thia  power  more  than  one  voyage,  but  afterwards 
at  Buch  a  power  as  gave  'iHi  lbs,  per  indicated  horse-power,  and  this 
weight  he  believed  to  be  veiy  nearly  the  general  practice.  He  did  not 
know  whether  the  powers  in  Table  1  were  the  trial  trip  powers,  or  the 
powers  indicated  on  the  voyage.  They  looked  like  the  former,  but  whether 
the  latter  or  fonner  he  assumed  that  they  were  the  same  for  both  kinds  of 
engines,  and  assumiug  the  weights  of  engine  and  shafting  as  abont  37 
per  cent,  of  the  total,  the  11^  per  cent,  increase  in  the  revolntions  would 
be  equivalent  to  about  37  by  "1 15,  equal  -I'^S  per  cent,  of  the  total  weights, 
thus  accounting  for  nearly  the  whole  of  the  difference  which  Mr.  Hall 
had  found.  He  took  Mr.  Hall's  figures  without  criticiani,  as  he  felt 
certain  that  every  care  had  been  taken  to  ensure  their  accuracy. 
Increased  revolutions  was  n  very  important  means  of  reducing  the 
weight  of  engines — a  means  whicb  might  yet,  in  certain  cases,  bo  taken 
fnrther  advantage  of,  though,  of  course,  this  means  of  reduction  could 
not  be  carried  out  efficiently  to  more  than  a  very  limited  extent.  He 
presumed  that  when  the  machinery  for  the  ordinaiy  merchantman  was 
spoken  of  as  1eing  constrncted  on  a  weight  of  250  lbs.  per  indicated 
horse-power,  these  engines  were  to  be  fitted  into  some  18  knot,  or 
other  high  speed  ship,  and  were  to  work  at  a  speed  of  revolutions 
which,  while  not  impossible,  was  inefficient  and  unprofitable  in  a  9  or 
10  knot  cargo  boat  which  were  the  real  ordinary  mercbuntmen.  It 
appeared  to  him  that  if  another  cylinder  were  fitted  so  as  to  quadruple 
the  three-crank  triple,  the  proper  place  of  application  was  not  as  the 
writer  suggested  oi'er  the  high  pressure,  but  over  one  of  the  other 
cylinders,  so  that  the  receiver  effect  might  be  obtained  which  was  well 
known  to  have  been  so  advantageous  in  the  working  of  compound  engines 
of  all  types. 

Mr.  Ckawford  said,  only  those  who  had  endeavoured  to  get  I'eliable 
data  from  voyage  performances  of  steamsliips  c-ould  appreciate  the  value 
of  Mr.  Hall's  paper,  and,  while  he  was  fully  aware  of  the  dilTicnlties 
attending  the  compilation  of  the  diita  laid  before  them,  he  was  of  opinion 
(considering  the  importance  of  the  deductions')  that  it  should  be  rigor- 
ously criticised.      He  took  it  that  the  reliability  of  the  dednctiomt 

depended  on  the  truth  of  the  equation     ^„  p       =  C   where  C   waa  a 

co-eflicierit  approsimatcly  consttmt  for  similar  shi]*,  the  equation  indii-eet  ly 
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involving  the  admiasioi^  that  the  weather  conditions  vrei-c  coiistaut ; 
IhiB  equation  beiu^  only  true  within  very  narrow  limits,  it  was,  tlierefoi 
both  requisite  and  necessary  that  the  comparisons  shonld  be  made  under 
approximately  similar  conditions.     In  looking  at  H  and  M,  Table  2,  he 
thought  that  the  comparison  nas  unfair  to  the  compound,  bcutuee  while  the 


triple  engine  with  cylinder 


27". 


•44" -71" 


■1:8' 


WHS  indicating  1,550  h< 


lord 


power  on  presumably  sixty  revolutions  and  working   probably 
maximum  efficiency,  the  compound  with  cylinders   — ^^ —     was  only 

indicating  l,luO  horse-power  or  presumably  under  fifty  revolatioiis  and 
working  probably  at  its  maximum  inefficiency,  again  in  comparing  M, 
and  M,  it  would  be  seen  that  the  equation  used  was  not  a.  fair  basis  nr 
comparison,  or  that  the  information  was  unreliable,  fur  with  the  game 
ship  under  similar  weather  conditions,  Mj  while  carrying  only  twenty-eight 
tons  less  and  indicating  only  twenty  hDrse-]M)wer  more  ytit  Eteaiued  U'j.i 
knots  faster  than  M,.  If  M'  was  a  correct  performance  and  we  trans- 
posed the  equiiiion  to  get  the  speed  of  M,  we  would  get  (  — "    '        '    y 

=  lO'lO.T  or  only  one-eighteenth  of  a  knot  faster.     Further,  compare  I 
with  M|  and   U,  with  M,  and  we  get  widely  dift'erent  results  both  t 
their  means  and  from  theniselveH.    Thus — 
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Similar  reasoning  will  apply  to  moat  of  the  other  cases  save  I 
and  T,  but  here  a  clerical  error  appears  to  have  passed  unobserved,  for  it 
will  be  seen  that  the  mean  of  two  voy^es  of  E  is  compared  separately 
with  single  voyages  of  S  nnd  T  ;  this  is  obviously  an  oversight,  because 
it  is  equivalent  to  comparing  one  ship  burning  all  Welsh  coal  with 
another  burning  half  Welsh  and  half  Hartley,  the  proper  way  to  compare 
them  and  one  that  shows  a  closer  and  more  valuable  agreement  being  K^ 
with  r>,  itnd  K,  with  T,  thus  wu  get— 
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iDstead  of  the  figores  giren.  It  is  int^restiog  to  iiot«  ia  these  three  last 
ships  that  in  the  compound  type  there  is  9-1  per  cent,  less  WelBh  coal 
burned  per  indicated  horse-power  than  Hartley  and  in  the  triples  7"1. 
He  thought  it  wonld  add  ninch  to  the  value  of  the  [mper  if  Mr.  Hall 
would  give  the  wetted  surface  (or  failing  that  the  immerserl  amidship 
girth)  nud  the  revolutions  iu  each  case. 

Mr.  W.  Q.  Spbkce  said,  the  two  principal  points  of  comparison 
brought  forward  in  the  [wper  before  them  were  the  relative  weights  and 
consumptions  \teT  indicated  horse-power  in  double  and  triple  compound 
engines,  Table  1  being  a  weight  table  and  Table  2  a  consumption  table. 
Dealing  first  with  the  consumption  table,  it  was  not  a  correct  Imsis  of 
comparison  to  consider  engines  and  boilers  all  away  together,  and  then 
credit  the  resulting  eiBciency  to  the  engines  simply.  It  seemed  to  him 
a  great  pity  that  in  Table  2  the  heating  and  grate  surfaces  for  each 
example  had  not  been  included,  as  without  these  the  Ijoiler  efficiency  conld 
not  he  seiKirated  from  that  of  the  engine  so  as  to  aiTive  at  a  fair  i-esult. 
However,  in  the  weight  table,  they  had  the  heating  surfaces  given  for  a 
series  of  double  and  triple  compound  engines.  On  looking  over  these 
(Table  1),  one  or  two  examples  contained  in  it  seemed  to  be  the  same  or 
similar  engines  to  some  of  tlioKe  in  Table  2 ;  thus,  C  and  D  in  the  list  of 
double  compounds  in  Table  1  seemed  to  neiirly  correspond  to  D,  E,  and  C 
in  the  double  compounds  in  Table  2  ;  and  in  the  triples,  J  and  K  in 
Table  1  seemed  to  lie  similar  to  0  and  L  in  Table  2.  Assuming  that 
these  examples  were  similar,  and  taking  the  relative  consumptions  per 
indicated  horse-power  for  double  and  triple  compounds  as  being  the  mean 
of  all  the  results  given  in  column  6  of  Table  2,  we  have  the  relative 
boating  surface  per  lb.  of  eoal  for  these  examples,  as — 


Or  Bgain,  assiuniug  that  the  indicated  horse-powers  for  the  double  and 
triple  engines  in  Table  1  have  been  obtained  under  the  same  r^^lali^■e 
conditioua,  we  have  the  mean  r.itio  of  H.S.  to  I.H.P.  as  3-258  for  the 
doubles  and  2'8l  for  the  triples,  and  usiDj;  these  and  the  mean  con- 
sutuptiims  per  indiiMtcd  horse-power  as  before,  we  have  the  healing 
snrfniie  per  lb.  of  coal  as — 
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Thus  it  wonid  appear  as  if  the  ratio  of  heating  enrface  to  coal  ootud 
was  some  12  per  cent,  greater  in  the  triples  than  in  the  doubles ;  bnt" 
the  triples  would  labour  under  the  disadvantage  of  the  increased  tcmiiera- 
tnrc  of  the  water  in  their  boilers,  and  conseitiently  less  rapid  rate  of 
tranamissioii  of  heat  from  tlie  fire.  From  the  above  it  seemed  to  him 
that  the  greater  efficiency  shown  in  these  tables  was  practically  dne  to 
the  engines  alone,  but  in  the  iibsenco  of  the  actual  hciitiug  surfafc  for 
each  individual  e^itmplc  the  above  figares  were  at  the  best  only  an 
assumptiou.  It  would  also  have  added  greatly  to  the  elcaruess  and  value 
of  Table  2  had  a  note  been  appended  stating  what  means  were  ado[it«<] 
for  estimating  the  mean  indicated  horse-power  over  the  whole  %-oyogo, 
whether  it  had  been  got  from  a  scries  of  indicator  cards,  taken  at  stated 
intervals,  and  the  mean  pressure  of  each  of  these  cards  multiplied  by  the 
mean  revolutions  over  the  whole  of  its  interval  as  gi.it  from  a  mechanical 
counter,  or  whether  the  cards  were  taken  at  stated  times,  the  engines 
being  hand  counted  at  each  time  of  taking.  In  the  latter  case,  engines 
Iiaving  boilers  that  were  stifl'  to  sleani  might  gain  un  undue  advantage, 
as  the  revolutions  would  probably  be  reduced  during  and  after  cleaning  r 
fire.     Also  as  to  how  the  coal  consumed  had  been  measpred — whether 
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the  ijiiaiititieB  giveo  bad  lieeu  got  from  the  owners'  hilla  of  amountB  paid 
for  and  remaining  cn;il  measured,  or  whether  the  bunkers  htid  been 
measured  before  and  after  the  vojHgc,  and  whether  these  particulars 
had  been  occasionally  checked  by  actual  wi'ighing  or  mciisuring  on  to 
the  stokehold  plates.  In  Table  2  the  author  had  included  a  column 
giving  the  D  ^  constants  for  each  speed ;  it  would  also  increase  the 
Yalue  of  the  table  if  the  midehip  sections  could  be  added,  as  the  examples 
conld  then  be  compared  on  the  basis  of  their  equivalent  blocks,  tlio 
midship  section  being  the  only  particular  necessary  for  that  purpose 
which  had  not  been  given.  He  thonght  it  waa  very  desirable  that  if 
possible  these  particnlars  should  Ite  added,  as  he  believed  Mr.  Hall  had 
put  himself  to  very  great  pains  indeed  to  have  the  data  as  accurately 
obtained  as  [jossible.  In  the  comparison  he  tliought  the  double  com- 
pounds had  suifered  somewhat  severely  owing  to  most  of  the  examples 
working  at  so  low  a  pressure  as  80  lbs.  In  Mr.  Marshall's  paper  of 
1881  the  mean  boiler  pressure  in  the  double  compounds  in  his  table 
was  then  77'4  lbs.,  and  recent  practice  was  from  30  to  100  lbs. 
Referring  to  Table  1,  he  (Mr.  Spence)  had  endeavoured  to  compute  the 
guiu  in  weight  in  the  engine  department  of  the  triples  through  the 
increase  of  their  piston  speed  over  that  of  the  doubles,  both  engines 
being  reduced  to  a  common  stroke  on  the  hypothesis  tliat  in  similar 
engines  the  piston  speed  varied  directly  as  the  cube  i-oot  of  the  stroke. 
The  mean  piston  speed  for  the  doubles  worked  out  to  4+2-33  feet  per 
minute  for  a  mean  stroke  of  42  inches,  and  in  the  triples  to  4112  feet  for 
a  mean  stroke  of  40'8  inches,  aud  aesmning  both  cases  to  be  42  inches 

442-33  _.  442-33 

stroke,  the  relative  piston  speeds  would  bo  ^1  /42_  \       ,„^        438 

or  an  inci-ease  of  some  12  J  per  cent,  over  that  of  the  doubles.  lu  Mr. 
Marshall's  paper  of  1881  the  mean  piston  speed  of  the  double  compound 
engines  given  there  was  4G7  feet  per  minut-e  for  a  mean  piston  stroke  of 
47-7  inches,  which  reduced  to  42  inches  stroke  wonld  approximately  be 

J  1=_  X  4G7  =  446,  or  nearly  what  Mr.  Hall  had  got  it.  In  con- 
•J47-7  ' 

elusion,  he  thought  the  Institution  was  much  indebted  to  Mr.  Hall  for  bis 
extensive  and  valuable  tables,  which  he  (Mr.  Spence)  ventured  to  think 
would  be  rendered  still  more  valuable  by  the  few  additions  suggested. 

On  the  motion  of  Mr.  R.  L.  Weighton  the  discussion  was  adjourned. 

The  Past-President  proposed  a  vote  of  thanks  to  Mr.  J,  F,  Hall 
for  his  valuable  paper,  which  was  carried  by  acclamation. 
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XOKTH-EAST  C0A8T  INSTITUTION  OF  ENCIIXKERS  AND 
SHIPBUILDERS. 


Third  Sesmion,  1«8i;-87. 


PROCEEDINGS. 


NIKTU  OENEKAL  MEETING  OF  THK  SESSIUK,  HELD  JN  THE  LECTUItE 
HALL  OF  THE  LlTEllASY  AND  PHILOSOPHICAL  SOClETi",  KEW- 
CASTLE-UPON-TYKE,  ON  WEDNESDAY  EVEXISO.  MAY  4th,  1887. 

W.  THEODORE  DOXFOKD,  Esq.,  pHEaiiiRST,  in  thk  Chaib. 


Os  account  of  the  unavoidable  absence  of  the  Secretary,  Mr,  B,  G,  Nichol 
read  the  minutes  of  the  lasl.  general  meetiuft,  held  in  Newcastle-upon- 
Tyne,  on  April  20th,  which  were  approved  by  the  members  present,  and 
signed  by  the  President. 

The  Phe«idekt  then  called  upon  Mr.  R.  L.  AVeighton  to  continue 
the  discussion  on  Mr.  Hail's  [lajjer  on  "  Compound  t:  Triple  Expansion 
Engines  from  a  Shipowner's  point  of  view." 

Mr.  R.  L.  WsiGHTON  said,  the  pa|)er  which  whs  still  befoi-e  the  meet- 
ing for  discussion  was  of  an  eminently  practical  and  useful  character,  and 
was  {)ccu!iarly  adu}jted  for  eliciting  criticism  and  the  espitiseion  of  opinion. 
It  was  so  adapted  very  largely  by  reason  of  the  valuable  tables  of  dimen- 
sions, results  of  trials,  and  general  particulars  which  the  writer  gave,  and 
tor  which  he  had  certainly  earned  the  best  thanks  of  the  Institution. 
There  was  one  very  imjiortant  point  in  t!ic  paper  which  had  Iieen  already 
referred  to  by  Mr.  Boyd  and  other  speakers,  and  which  apiieared  tc 
reqniix;  very  particular  notice,  because,  owing  to  the  indefinite  way  in 
which  it  was  treated  it  was  apt  to  be  misleading.  He  rtfiTred  to  the 
question  of  the  relation  between  thepower  and  the  u-eighl  from  which  it 
was  dcvulo[)ed.     He  refeiml  l«  tlial  [Hiint.  not  Ucausi.'  lit  di^eiiicd  it  U> 
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be  of  pikiuiuuiiut  iiuponiuice  iu  ilie  luercliant  service — in  point  of  fade 
the  question  of  weight  of  machinery  was  of  very  eecondary  importance 
in  ft  large  cluas  of  vc^els — but  for  the  sake  of  the  geueral  principles  in- 
volred.  On  Table  I  there  were  given  indicated  powers  and  the  corres- 
ponding weiphta  of  machinery  for  both  the  componnd  and  triple  clafs  of 
engines,  and  the  general  deduction  made  from  those  particulars  was  that, 
power  for  power,  the  triples  were  about  5  per  cent,  lighter  than  the 
compoiuids.  So  far,  so  good.  The  table  referred  to  certainly  fnlly  csUb- 
lifthed  that  conclusioa  as  regarded  the  particnlar  instances  given,  but  it 
did  not  Hurrant  a  general  deduction  which  would  be  trae  in  all  cases  -, 
and  when  the  writer  proceeded  on  page  232  to  indicate  the  explanation 
"  why  the  weight  was  less  in  the  triple  compound  as  compared  with  the 
weight  of  the  ordinary  double  compound,"  he  raised  the  whole  qnestion 
in  a  very  pertinent  form.  The  explanation  given  in  the  paragraph  re- 
ferred to  on  page  2Si  for  the  difference  in  weight  was  that  "  the  weight  of 
steam  rcfiuirol  per  indicated  horae-power  was  much  smaller  in  the  case 
of  the  high-pi-esBure  triple  than  in  that  of  the  donble  componnd."  That 
might  be  true,  or  it  might  not  be  tme,  in  a  general  eense,  but  it  certainly 
was  tiot  the  explanation  of  the  difference  in  weight  shown  in  the  table. 
The  real  explanation  was  to  be  found  in  the  table  itself — in  piston  speed. 
By  referring  to  Table  1,  p^re  230,  and  taking  the  first  five  instances  of  both 
componndB  and  triples  (he  did  not  take  mure  liecatise  the  power  was  not 
given  tor  more  of  the  triples),  it  would  be  found  thitt  for  the  compounds 
the  average  stroke  was  42  inches,  and  the  average  speed  of  piston  wu 
443'-l  feet  per  miuute,  whereas  for  the  triples  the  average  stroke  vaa  only 
40'^!  inches,  and  the  speed  of  piston  was  as  high  as  403'68  feet  per 
miuute.  That  was  a  difference  in  piston  speed  of  1  ru  ikt  cent,  in  fevour 
of  the  tiiples.  Now  assuming  that  the  compound  engines  were  driven 
at  the  same  pittton  speed  as  the  triple  engines,  the  cylinders  of  the  com- 
pound engines  could  be  reduced  in  size  for  the  required  power ;  and  it  bo 
happened  tliat  for  the  average  of  the  five  instances  given  in  Table  1,  that 
reduction  in  size  of  cylinders  would  lead  to  a  reduction  in  the  total 
weight  of  the  compound  engines  of  about  6  percent.,  thus  making  the 
weights  of  the  two  classes  of  machinery  practically  equal  in  relation  to  the 
power,  Moreover,  considerations,  a  priori,  would  seem  to  point  to  t 
conclusion  that  increased  pressures  of  steam  did  not,  when  manipnla 
with  a  view  to  economy  of  fuel  (that  is,  when  used  in  triple  espi 
engines),  of  themBelvcs  secure  a  saving  of  weight  in  machinery  and  y 
It  was  only  when  those  increased  pressures  were  taken  along  with  c 
ntMsniiiptiiiii  ilmt  tlie  tutal  iveidit  wiis  diminished.     Fuel  ocouomy  ( 
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higli-preEsuru  steiim  used  by  triple  expansion  eugines  van  imdoubted,  and 
it  waa  there,  and  there  only,  that  weight  ecoDomy  in  its  widest  oense 
could  be  looked  for.  Bub  it  might  lie  contended  that,  owing  to  its  work- 
ing on  three  cranks,  the  triple  expansion  engine  was  adapted  for  ranning 
at  a  higher  [liston  speed  than  the  'jMinary  two-cniuk  comjKsuud.  Tme  j 
bnt  lie  it  noted  that  tiie  greater  power  thus  olitniiied  was  dnc,  not  to  the 
triple  espanaion  principle  and  high  preBsurcs,  but  entirely  to  the  existence 
of  three  cranks,  and  that  a  double  expansion  compound  engine,  using 
low-preBBtire  steam,  might  be  also  run  at  the  higher  speed  by  using  three 
cranks.  It  was,  therefore,  to  be  distinctly  noted  that,  bo  far  as  the  par- 
ticulars gi^'cn  in  Table  1  were  concerned,  the  saving  in  weight  which  waa 
there  shown  in  favour  of  the  triple  expansion  machinery  could  be  ac- 
counted for  entirely  by  speed  of  piston,  and  waa  not  necessarily  in  any 
degree  due  to  the  adoption  of  high  pressures  and  triple  expansion.  Ab 
regarded  economy  of  fuel,  there  conld  be  no  question  but  that  the  triple 
expansion  engine  was  an  nnqna1i6ed  Bucceas,  and  Mr.  Hall's  tables  afforded 
a  very  valuable  confirmation  of  this.  In  speaking  of  the  renewal  of 
present  engines,  the  author  of  the  paper  advocated  a  new  intermediate 
and  high -pressure  cylinder,  the  low-pressure  cylinder  ]>resumab)y  remained 
as  before.  That,  of  course,  would  produce  engines  of  considerably  greater 
power  than  the  replaced  engines.  Referring  to  the  question  of  space 
occupied  in  the  vessel,  he  thought  it  would  be  found  that  triple  expan- 
sion three-crank  engines  would,  along  with  their  boilers,  occupy  a  space 
greater  in  the  aggregate  than  would  be  the  case  with  similarly  designed 
equivalent  compound  two-crank  engines  and  their  boilers.  He  meant 
space  in  a  fore  and  aft  direction.  And  if  three-crank  triple  expansion 
engines  were  accommodated  in  the  same  space  as  the  two-crank  com- 
pomid  engines,  it  could  only  bf  by  tolerating  less  vacant  space  l>etween 
the  machinery  and  bulkheads  in  the  case  of  the  triples  than  in  the  other. 
With  regard  to  the  sequence  of  cranks,  he  did  not  think  this  question 
was  of  ranch  importance ;  so  far  as  the  ultimate  economy  ot  the  engines 
was  concerned  it  could  have  no  appreciable  effect.  With  the  intermediate 
crank  leading  there  would,  of  conrse,  be  less  fluctuation  of  pressure  on 
the  receivera  than  was  the  case  when  the  high-preseore  was  leading,  bnt 
with  large  receivers  this  tendency  was  largely  neutralised.  As  a  matter 
of  fact,  he  had  a  case  recently  in  which  the  port  engines  were  arranged 
with  the  intermediate  crank  leading,  and  the  starboard  engines  were 
an-anged  with  the  high-prafsure  crank  leading,  and  the  result  was  such 
that  at  full  power  it  was  quite  impossible  to  detect  any  difference  in  the 
iiidiuiLor  curds  tukc-n  from  ihe  two  engines. 
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Mr.  Wm.  Boyu  «iti(l,  lie  it-It  some  reliicLmici:  I'u  entering  upon  I 
discuasion  a  second  time,   but  he  h&d   cooisulted  the   President, 
thougbb  lie  would  uob  l>e  out  of  order  in  doing  so.     He  had  two  objeett  ^ 
in  view,  altbough  he  did  nut  expect  to  be  called  upon  bo  soon;  one  was 
to  explain  that  bis  an;tiety  on  the  last  QUcasion  not  to  keep  the  attenliun 
of  the  meeting  too  long  made  bim  perhiips  to  some  extent  indeflnito  wheo  | 
he  questioned  Mr.  Hail's  theory  that  there  was  a  saving  of  five  per  cenb,! 
in  weight  hy  the  adoption  of  the  triple  expansion  engines.      He  had' 
endeavoured  to  sbow  that  the  boilera,  l«th  in  the  ease  of  the  compound 
and    triple    expansion,    would    practically  weigh   the  same.      As    Mr. 
Blechyndeu  very  properly  ixiinted  out,  lie  bad  omitted  to  make  special 
i-efercucc  U>  the  increased  piston  speed  in  the  engines.     Of  course  it  m 
that  increased  piston  s[)eed,  and  the  greater  power  obtained  there1>y,  thtit^ 
enabled  them   to   add   the   third    i-yliuder,   the  additional   weight   of" 
which  was  absorbed  by  the  reduction  of  the  weight  in  the  remsining 
parts  of  the  engines,  the  sume  power  as  originally  existed  being  still 
maintained  by  inci'eased  piston  speed.     Bnt  liis  jirincipal  object  in  wish- 
ing to  speak  for  a  second  time  was  that  he  ventured  to  submit  that  some 
opportunity  should  be  taken  to  criticise  a  statement  made  by  Mr.  Mamhall 
on  the  last  occasion;  that  oriticism,  he  hoped,  would  be  supported;  aiuM 
if  there  were  any  shipowners  there  that  evening,  he  should  be  very  gla 
indeed  if  they  would  let  tbcm  have  their  opinion.    Mr.  Marshall  uiade^ 
statement  that  his  firm  (and  hs  involved  all  the  rest  of  them)  were  pra^ 
pared  to  constmct  engines  "  under  ordinary  commercial  conditions  "  (ttti 
used  Mr.  Marshall's  own  words)  at  exactly  half  the  weight  as  made  i 
present:  that  was  a  very  remarkable  statement.     He  only  regretted  t 
much  that  Mr.  Marshall  was  not  present  that  evening,  because  he  thooj 
he  ought  to  have  had  an  opportunity  of  answering  some  questions  thi 
might  be  put  to  him.      Mr.  Marshall,  in  his  reraarkfi,  i-eterred  to  \ 
engine  to  develop  about  1,000  boi-se-power  with  about  220  tons  i 
total  weight.     Now,  he  again  repeated  what  he  said  at  the  last  mcetio] 
that  the  weight  of  the  boilers  for  the  engines  of  that  power,  with  wat 
in  them,  would  be  something  like  65  tons  whether  the  engines  were  c 
pound  or  triple  expansion  j  so  taking  from  the  220  tons  (which  was  a 
upon  as  the  weight  of  the  oi-dinsiry  triple  expansion  engine  of  that  powi 
the  above-named  85  tons  as  a  constant,  yon  have  a  remainder  of  135  t 
as  the  weight  of  the  engines;  therefore,  he  said  that  it  wiis  obvioosl;  i 
foregone  conclusion  that  if  the  total  weight  of  220  tons  was  to  be  redact 
to  anything  like  110  tons,  as  stated  by  Mr.  Marshall  us  being  poeaiU 
that  something  else   must  be  iviliiced  besidcB  lliu  eiiginei^  thenibelvei 
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Tlicy  therefore  oj^iied  the  door  at  once  (a  doov  wliicli  Mr.  Marshnll  was 
no  doubt  prepared  to  open)  of  forced  draught,  or  Bomctliing  else  lo  increaae 
the  power  of  the  boiler  and  reduce  its  weight.  He  waa  quite  prepared 
to  go  a  certain  distance  with  Mr.  Marshal!,  but  in  ordinary  commereial 
}rradice — not  torpedo  catchers,  nnt  Government  boats,  not  cruisers,  but 
ordinary  commercial  practice — Mr.  Marshall  was  prepared  to  reduce  the 
engines  50  per  cent.  He  thought  he  had  shown  them  that  to  reduce  it 
to  anything  like  this  they  must  adopt  some  system  by  which  the  power 
of  the  boilers  would  be  very  largely  increased  and  the  weight  consequently 
reduced.  That  being  so,  it  Ijecame  a  question  how  it  was  to  te  effected. 
He  quite  believed  that  the  iJOwcr  of  boilers  conld  be  to  a  very  great 
extent  asBisted  or  promoted  by  the  use  of  forced  or  assisted  draught,  yet 
when  they  talked  of  a  reduction  of  50  per  cent.,  he  must  confess  he 
thauglit  they  were  wide  of  the  mark.  He  had  had  some  calculations 
made,  and  he  would  jast  name  two  points  which  he  had  aiTived  at.     He 

had  taken  a  pair  of  engines  indicating  1,000  horse-power,    ~ — ^ ' 

with  two  boilera  12  It.  fi  in.  and  10  (t.  6  in.  These  engines  and  boilers 
would  weigh  220  tons;  to  reduce  those  engines  and  boilers  to  110  tons, 
they  would  have  to   bring   the  engine  down  to   the  following  sizes 

—2 — ^, ,  wilii  two  navy-type  boilers,  about  7  ft.  (!  in.  diameter  by 

15  ft.  9  in,  long,  with  the  employment  of  forced  draught.  With  these 
arrangements  the  total  weight  of  the  engines  and  boilers  could  be 
reduced  to  110  tons.  With  regard  to  the  speed  of  piston:  whereas  in  the 
first  case  the  engines  would  run  at  75  revolutions,  or  a  piston  speed  of 
450  feet  per  minute,  it  would  be  necessary,  in  order  to  indicate  1,000 
horse-power  with  the  smaller  engines,  to  run  them  at  ICO  revolutions, 
with  a  piston  speed  of  G40  feet  per  minute.  Now,  if  they  took  an  ordin- 
ary cargo  vessel,  carrying  ;i,OiJ0  tons,  into  which  engines  22",  86",  and 
SS'  wonld  be  fitted,  and  they  were  to  go  to  a  shipowner  and  ask  him  to 
increase  the  price  of  those  engines  by  something  like  40  per  cent.,  and  to 

18*",  2LI",  &  48"     .,,   ,       ,  ..      ,    -, 

accept  engines  ■    '  —  --  —     ,  with  two  locomotive  boilers,  accompanied 

by  a  system  of  forced  drnnght  in  the  stokehold,  ho  doubted  that  would 
not  be  a  very  acceptable  proposition.  He  did  not  enter  into  the  question 
of  the  money  value,  but  he  thonght  they  must  try  and  avoid  a  mistake  of 
trying  to  ride  a  good  horse  to  death,  and  that  to  put  small  engines  like 
these,  rauning  at  640  feet  per  minute.  Into  a  large  cargo  vessel,  on  a 
voyage  to  Bombay  or  across  the  Atlantic,  would,  he  thought,  be  out  of 
place. 
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Mr.  TwEKiiT  said,  lie  had  been  tiikeu  bjRiirpriBe;  he  did  not  know  hi 
woB  to  bo  called  upon  to  sponk.  There  wore  however  one  or  tvra  poioUj 
which  neither  Mr.  Weighton  nor  Mr.  Boyd  had  referred  to.  The  scheme 
of  the  ]>ttpor  appeared  to  him  to  be  based  on  the  asaomption  that  tbe  ship- 
owner waa  not,  iia  a  rule,  capable  of  diBtingniBhing  between  the  efficiency  of 
the  machinery  and  the  hull.  If  this  was  the  case,  then  he  thought  there 
was  all  the  more  reason  why  the  pajier  slionld  liave  clearly  marked  out  this 
difference,  bo  that  the  mistake  of  mixing  up  the  ship  with  the  machinery 
would  be  avoided  in  future.  It  is  quite  true  Mr.  Hall  had  made  some  ench 
correction  in  Table  8,  page  240,  but  on  p:igc  24  llie  says  that  although  Table 
3  is  more  correct,  yet  Table  2,  is  "near  enough  for  the  puriiose."  He,  how- 
ever, did  not  think  it  was  sufficient  for  the  purpose ;  generalisations  of  this 
kind  were  dangerous  when  baaed  on  quantities  which  have  no  real  relation 
to  the  efficiency  of  the  machinery.  If  they  compared  R  aod  N,  the  effi- 
ciency  of  engine  N  was  set  down  as  25  per  cent,  more  than  tlioae  of  R,  a 
measured  by  the  quantity  of  cargo  carried  per  ton  of  coal,  but  as  a  matb 
of  faot  the  real  consumption  was  7  per  cent.  less,  or  a  difference  of  a1 
30  per  cent,  due  entirely  to  the  difference  of  hull.  The  other  point  « 
that  the  tables  would  have  been  improved  if  instead  of  the  gross  dea 
weight  carried,  including  hunkers,  the  paying  dead-weight  had  been  taken" 
as  the  quantity  to  he  compared,  lie  agreed,  however,  with  previous 
speakers  that  their  thanks  were  due  to  Mr.  Hall  for  bringing  before 
thera  BO  many  interesting  particuhire. 

Mr.  Sandibon  said.  Mi*.  Hall  at  the  outset  oF  his  paper  eubcnitted  five 
<inestiona  for  diRciission,  and  despite  auudry  criticisms  he  thooght  be  had 
answered  them  all  satisfactorily  with  the  exception,  perhaps,   of  the 
fonrtli,  viz. :  "Wilt  the  hfe  of  the  boilers  he  as  long  as  that  of  those 
loaded  to  80  or  'M  pounds  pressure  per  square  inch?"    Their  experience 
with  these  high-pressure  marine  boilers  was   not  sufficiently   long  fixc^ 
them   to  answer  that  question   with  any   degree  of   certainty.      3Ir..J 
Marslmll,  at  the  last  meeting,  strongly  advocnted  the  reduction  of  thajl 
usual  Board  of  Trade   factor  of  safety   for   the   boilers   of  merdisBlfl 
ships,  by  some  20  jier  cent.     He  did  not  altogether  agree  with  HfiM 
Marshall  there.      Speaking  from  a  shipowner's  point  of  view,  he  should  ' 
be  inclined  to  say  that  the  reduction  would  not  conduce  to  the  longevity 
of  the  boiler,  and  would  simply  mean  increased  work  for  the  mann- 
factiirer.    Tiie  space  occupied  in  the  ship  would  not  be  any  less,  and  the 
reduction  in  weight  for  any  ordinary  cylindrical  boiler  with  water  would 
not  probably  be  much  more  than  10  per  cent.    With  reference  to  tlte 
water  supply  for  the  boilei's,  it  wiia  very  important,  as  Mr.  Boyd  suggeeted,  J 


mw'UseinN— coMriiCNi)  i:  tkii'lk  kxi 


icrt 


thai  H  reserve  tank  for  fi'esh  watt:r  should  be  fitted  or  some  uquivalent 
adjunct,  anch  as  Weir'e  feed  maker.  If  he  remembered  rightly  ateam 
was  tnkeQ  from  the  first  receiver  and  used  to  evaporate  Bait  water,  the 
Bteam  thus  generated  doing  work  in  tlie  low-pressure  cylinder,  while  the 
water  condensed  from  the  firat  Bteain  was  passed  into  the  hot  well.  He 
could  not  speak  from  experience,  but  he  should  think  that  an  apparatus 
of  that  sort  for  an  engine  of  any  size  would  occupy  a  considerable  amount 
of  space.  Take,  for  instance,  one  of  Mr.  Hall's  boilers,  K  in  Table  1,  page 
23(1, 13  feet  diameter,  IGfeet  0  inches  iong,  with  a  heating  snrface  of  2,730 
square  feet  to  develop  l.'iOo  indicated  horse-power.  He  supposed  it  would 
carry  about  27  tons  of  water  ?  Mr.  Hall  told  them  that  the  water  was 
practically  changed  in  9  days — 216  hours  steaming.  That  gave  them  a 
supplementary  feed  of  - — ^~ —  =  280  lbs,  per  hour;  or,  taking 
15  lbs.  of  steam  per  indicated  horse-power,  a  supplementary  feed  of 
.",    ■    .  .jw:  =  1'9  per  cent.    The  beating  surface  they  would  require 

tn  evaporate  that  quantity  of  feed  water,  according  to  ordinary  practice, 
would  be  uo  less  than  GO  square  feet  for  an  engine  of  l,ij<iO  indicated 
horse-power.  He  might  say  that  he  heard  of  a  plan  sometime  ago  of 
snp])lying  fresh  watci',  which  had  been  carried  out  very  snccessfully  on  a 
long  voyage,  by  getting  n\t  steam  in  the  donkey  lioilcr  to  nliont  ISii  lbs, 
pressure  and  (lassing  it  into  the  first  receiver.  They  there  got  the  l>enelit 
of  the  steam  generated  in  addition  to  the  fresh  feed,  the  deimsit  of  course 
taking  place  in  the  auxiliary  boiler  only.  He  did  uot  think  it  waa  un- 
common to  ruu  a  Bombay  voyage  without  sciunming  or  blowing,  but  a 
density  of  2|  at  the  end  of  the  voyage  was,  he  thought,  uncommon,  and 
said  a  great  deal  for  the  tightness  of  the  engines  and  boilers  generally  j 
he  should  be  inclined  to  say  that  j  j  was  more  like  what  they  would  find  in 
average  practice. 

Mr.  Taylou  said  he  had  no  sympathy  with  l^Ir.  Marshalt's  wish  to 
reduce  the  weight  of  engines  and  l>oiIers  built  of  materials  at  present 
used,  but  if  they  were  to  have  better  materials,  then,  of  course,  woighta 
might  be  reduced  in  proportion.  His  experience,  particularly  with  boilers, 
instructed  him  not  to  reduce  the  Board  of  Trade  or  Lloyd's  factor  of 
safety.  He  thought  the  factor  was  quite  low  enough  already;  when  they 
got  a  little  corrosion  on  the  furnace  bottoms  they  were  very  soon  led 
into  costly  repairs.  Mr.  Sandison  thinks  we  have  not  sufficient  expe- 
rience to  say  anything  of  engines  and  boilere  working  with  steam  at 
150  lbs.  pressure.     He  might  say  that  about  a  fortnight  ago  he  saw  the 
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first  150  Ibfl.  prcBsure  boiler  of  the  ordinary  conBtractioii  that  was 
put  into  a  Btcamer,  and  that  boUer  was  now  five  and  a  half  years 
He  know  for  a  positive  fact  that  tlicre  had  never  lieen  a  tube  tonched  in 
tbBt  boiler,  nor.  he  tliouglit,  a  cornbtiBtion  chamber  stay  either.     The 
only  real  repair,  aa  far  aa  he  knew,  was  that  one  of  the  fnmace  bottom 
plates  was  found  to  be  laminated,  and  part  of  it  had  to  be  cut  oqI 
This  boiler  proved  that  they  could  make  boilers  at  X50  lbs,  prcfanrc 
Btand  as  well  as  80  lbs, ;  in  feet,  he  considered  they  would  last  lonj 
iind  for  this  reason:  in  the  old  days,  when  20  lbs.  was  the  nsual  working 
pressure  for  boilers,  with  a  factor  of  five,  the  boiler  would  prubnbly 
explode  at  loo  11>s.,  bnt  its  elastic  liimt  wnukl  be  reached  at  about  double 
ite  workinfT  pressure,  (>.  at  40  or  50  lis.;  now  the  seams  might  easily 
itrained  to  an  extra  2o  ll«.  by  differences  in  temi)eratnre  or  other 
and  thna  |)ermanently  injure  the  boiler.      Bnt  with  160  llw.  workii 
pressure  the  elastic  limit  would  be  between  800  and  400;  it  would  tbi 
take  ISO  or  200  lbs.  extra  pressure  to  approach  the  elastic  limit, 
that  account  the  Beams  in  the  boiler  would  \>q  kept  in  good  condilioi 
because  the  boiler  did  not  feel  the  excessive  strain,  and  he  was  quite  si 
that  it  would  be  a  very  had  boiler  that  did  not  mn  for  twelve  y< 
The  only  thing  he  took  e.^ception  to  in  Mr.  Hall's  paper  was  that  he  di< 
not  allow  for  the  different  sizes  of  shi{s  in  which  the  double  and  tripl 
cylinder  engines  were  fitted.     Wc  find  the  average  displacement  of 
ships  having  double  cylinder  eni^^nes  to  he  5, HOC  tons,  while  the  shi] 
having  triple  engines  avci-a^  0,700  tons  displacement.     It  is  well  kaowl 
that  the  latter  steamer  per  ton  of  displacement  can  be  driven  easier 
a  gi\eu  speed  than  the  former;  if  this  had  been  allowed  for,  he  thoug] 
the  saving  would  have  been  less  than  22^  per  cent,  in  favour  of  the  tri] 
rnginea.     He  would  like  to  make  another  remark  aljout  the  wear  ai 
tear;  he  for{i;ot  to  mention  it  at  the  projier  place.     In  the  "C'laremont' 
(whose  boiler  he  had  previously  mentioned)  they  had  no  trouble  w 
the  crank  shaft  or  its  bearings;  they  had  not  had  a  slide  or  a  pistOD 
feco  or  a  cylinder  to  bore. 

Mr.  Hirst  said,  he  had  not  had  the  opportunity  of  being  preaeiifc 
the  last  meeting  and  did  not  expect  to  lie  called  upon  to  say  anythu 
TVith  regard  to  the  life  of  boilers  and  the  management  of  the  triple 
engines,  he  thought  that  was  about  the  most  important  point.  The 
triple  engine  itself,  if  properly  constructed,  will  take  very  little  more 
looking  after  than  the  old  compound  engine,  it  was  only  a  question  of 
having  the  men  in  charge  educated  np  to  thorn.  With  regard  to  the 
wear  and  tear,  he  hari  seen  and  hnd  had  several  opportunities  of 
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at  boilers,  and  he  thought  th»t  the  wear  and  tear  was  juet  about  the  same 
in  tlie  triple  as  in  the  coniponnd,  it  depended  very  much  on  the  men  who 
had  charg:e  of  the  machinery.  With  reference  to  salting  or  dejxiBit,  that 
was  a  thing  they  wanfed  to  pay  special  attention  to.  They  aU  knew  that 
it  was  upon  long  runs  that  the  triple  engine  showed  itself  at  its  best. 
Perliaps  in  American  voyages  the  triple  engine  would  not  show  to  snch 
fjoo<I  advantage  as  in  longer  voyages ;  he  thought  the  failures  they  had 
known  iiad  not  been  so  much  from  the  construction  of  the  furiuiees  as  the 
want  of  knowledge  on  the  part  of  the  men  in  allowing  deposit  to  form, 
With  i-egard  to  getting  a  scale  upon  those  boilere,  scale  could  not  be 
formed  by  naing  soda ;  he  did  not  bulieve  tlioy  needed  any  soda  or 
chemicals,  he  always  discarded  them,  but  soda  would  do  no  harm,  neither 
would  zinc.  It  dei*nded  very  much  njion  the  nerve  of  the  men  and  their 
judgment  to  keep  tiiem  tight,  and  avoid  aa  little  loss  as  possible.  He 
would  very  much  like  to  say  something  aixiut  the  manipulation  of  tlie 
boiler  J  he  thought  himself  that  there  was  too  much  care  spent,  possibly 
in  designing  upon  pajier,  the  boiler  to  pass  Lloyd's  or  Board  of  Trade,  but 
at  the  same  time,  they  ought  to  have  the  boiler  constructed  so  that  a  man 
eouid  get  tlironghont ;  they  conid  make  the  boilers  so  that  a  man  could 
go  through  them,  and  why  not  do  so  ?  What  he  would  like  to  say  was 
that  there  should  be  good  water  spaces  between  furnaces  and  combustion 
chambers;  they  were  too  small  as  a  rule.  If  they  could  have  boilers  so 
constnict«d,  tbere  was  nothing  to  fear  from  the  pi'essure  they  were  going 
up  to.  With  regard  to  joints,  it  ail  meant  good  plating  and  riveting,  et«. 
^Vith  regard  to  crank  shafts,  he  thought  the  thire-crank  engine  was 
certainly  an  advantage  in  every  way.  The  best  crank  was  the  built  one, 
and  should  have  keys  fitted  at  all  contracted  parts.  With  regard  to 
caulking  of  boilers,  he  thought  tlicy  slionld  try  to  make  a  hoiler  so  that 
it  would  not  need  any  caulking ;  if  it  did  require  any,  then  caulk  it 
inside.  He  had  surveyed  comitound  boilers  recently,  made  by  several 
lirms,  hfteen  years  old,  and  tliey  wei'e  still  running  at  their  oiiginal 
inessoi-e,  and  from  what  he  had  seen  of  the  triple  he  thought  they  would 
run  for  twenty  years. 

Ml-.  Wm,  Menzies  remarked  that  the  treatment  tliat  suited  a  boiler 
at  'JO  lbs.  would  not  suit  a  boiler  at  150  lbs.  That  was  his  e.Kperience, 
and  it  was  the  expeiieuce  of  a  great  number  of  his  friends  who  had  triple 
espjinsion  engines. 

The  pKEaiDENT  said  he  should  Hke  to  express  his  regret  at  not  being 
able  to  be  present  at  the  last  two  meetings,  but  he  thought  the  Institution 
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bod  not  Buffered  anylhing  by  his  absence,  ae  hie  place  bad  been  occapled 
by  geutlemeii  better  qualified  than  himsL'lf  for  the  ]>osition.  Unfor- 
tmiately  he  was  not  present  when  the  paper  wbicli  they  had  jiist  been 
diBCUBsiiig  iras  wad,  but  it  had  evidently  given  great  satisractioD,  and  the 
writer  had,  perhaps  with  one  exception,  answered  the  qnestions  which  had 
been  put  at  the  beginning  of  the  paper  in  such  a  manner  as  to  meet  with 
approval  from  nil.  Itr.  Meuzieg  however — who  had  certainly  had  con- 
siderable experience — appeared  to  differ  Iroui  Mr.  Hall  ajid  the  other 
Bpoftkere  upon  the  trejitment  of  the  boilera  under  higher  presRnrt».  H^ 
would  now  call  u|iou  Sir,  Hull  U>  reply.  fl 

Mr.  Hall  desired  to  tender  \m  tliunka  to  the  membera  ^oeraUy  ftfl 
the  way  in  which  hia  paper  had  been  received,  but  especially  to  those 
gentlemen  who  had  taken  part  in  the  discussion,  and  it  gave  him  great 
pleasure  to  reply  to  their  \arioii8  remarks.  First  of  all,  Mr.  Boyd  whs  good 
enough  to  open  the  discussion,  and  to  refer  in  kindly  terms  to  hia  earlv 
connection  with  himself  at  Wallsend  Slipway,  In  reference  to  Mr.  Boyd's 
remarks  re  weights  of  enginea,  Mr.  Boyd  was  under  the  impression  tliat  ha-- 
had  been  too  sanguine,  and  that  the  table  of  weights  scarcely  bore  out  t 
reduction  of  5  per  cent,  aa  quoted.  In  support  of  this  Mr.  Boyd  qno( 
H,  I,  and  K.  in  Table  1,  page  2S0,  as  being  exaggerated  in  horse-power. ' 
To  this  he  had  only  to  say  that  the  vessels  under  the  letters  H,  I,  and  K 
had  indicated  the  power  with  which  they  are  credited  for  days.  Taking 
K  he  had  cnutinually  put  this  forth  as  capable  of  indicating  2,fioo  horee- 
power  each  day,  and  this  had  lieeu  done  extensively,  even  with  a  heating 
surface  of  2-78  square  feet  per  indicated  horse-power.  The  3-2  to  3'4 
square  feet  per  indicated  horae-jiower,  given  at  the  end  of  the  jMiper.  is 
on  the  everyday  power  or  the  ordinary  work  of  the  engines  on  voyage, 
2'7  to  fl  8i|nare  feet  being  quite  common  and  ample  for  the  maximum 
hyiiic-piiwer  as  alxive  quotwl.  Mr.  Boyd  treated  this  (Table  l)-aa  repreJ 
scutiug  the  ordinary  work  of  the  engines  at  sea.  It  was  scarcely  thstfl 
it  was  more  of  a  iiiaxiiuum  or  highest  average  indicated  horse-power  imi 
the  voyage.  To  make  Table  1  more  explicit  he  had  added  to  the  heading 
in  column  10,  so  as  to  show  that  tliis  column  represented  the  maximmn 
horse-power.  The  weights  given  by  Mr.  Marshall  in  his  paper  in  188£ 
of  180  lbs.  per  indicated  horse-power  was  on  the  same  basis,  viz.,  that  a 
the  masimum  average  or  full  power  average  over  the  voyage. 
ftirther  quoted  a  boiler  for  l.uOii  indicated  horRe-|K)wer  as  being  IS  f 
(1  inches  diameter  by  10  feet  6  inches  long,  80  Iba.  pi-essure  for  ( 
ponnds,  and  a  hoilcr  12  feet  1  inches  diameter,  by  lu  feet  6  inches  lonj 
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160  lbs.  preasurt  for  the  triples,  and  diowed  them  to  be  equal  in  total 
weight,  including  water.  Now,  he  was  inclined  to  take  a  case  from 
Table  1,  letters  C  and  I,  where  the  dituensiouB  of  Lhe  builers  and  the 
weiirbta  were  as  follows : — 

Ft  Id.        yt.   In.  T      f     (J 

C  =  Boiler  fi.r  Cmllpouiid     U    0   ><    10    B     =     97  U    O 
I    -  Hoiler  for  Trijili-      . .     1 2    (i    -    10    K     =     93    6    0 

Or  a  saving  in  I'avonr  of  the  triple  of  4  tons  -i  cwts.  This  was  equal  to 
a  reduction  of  5  per  cent,  in  the  boiler  depai-tment.  Hia  contention  wae 
tliat  Table  1  should  be  taken  as  it  stood,  and  that  the  reduction  in  weight 
was  approximately  about  b  per  cent,  in  favour  of  tlie  tripleH. 

In  reference  to  Mr.  Nichol's  remarks,  he  was  glad  to  find  that  the 
figui-es  given  compared  so  favourably  with  his  own  views,  and  that  he  bo 
fully  endoined  tlie  tuiiles  as  given  in  the  paper. 

He  was  estreniely  obliged  to  Mr.  Marshall  for  liis  kind  reference  to 
the  valae  of  the  jmper.  He  was  surry  he  could  not  go  so  lar  with  him  as 
a  reduction  of  practically  lialf  the  present  weight  in  the  ordinary  mer- 
cantile engines.  He  quite  thought  that  we  might  with  asauraitce  reduce 
the  factor  of  safety  in  almost  every  jiart  of  the  engines  and  boilers,  that 
being  based  on  the  iact  of  having  a  material  now  in  nse  carefully  selected 
and  rigidly  tested;  the  ftctor  of  safety  of  to-day  as  compared  with, 
■ay,  15  or  20  years  ago,  he  admitted  should  have  some  consideration,  due 
to  the  extra  supervision  and  care  in  the  selection  of  the  materials  used  in 
the  constmctiou  of  our  everyday  work — but  to  come  down  to  250  lbs.  per 
indicated  horse-power,  was  a  long  stretch  and  such  as  he  would  not  be  in- 
clined in  the  ordinary  design  to  adopt.  Anything  much  less  than  400  to 
460  lbs.  would  be  something  special  in  the  design.  We  could  get  a  reduc- 
tion in  tlie  present  weights  by  the  adoption  of  a  higher  piston  speed,  but  in 
the  Mereantile  Marine  there  was  even  a  limit  to  that.  The  application  of 
a  fast  running  pi'opeller  to  a  heavy  full  cargo  ship,  was  not  a  desirable 
thing.  The  inducement  to  rednce  the  machinery  in  ordinary  cargo,  hard 
worked  vessels  was  not  great,  In  machinery  for  war  vessels  the  saving 
of  weight  was  very  valuable,  and  the  tendency  to-day  was  to  come  very 
low.  Mr.  Marshall  had  been  doubtless  very  8ucccBsf\il  in  that  line.  We 
had  to  get  to-day  in  war  vessels  20  indicated  horse-power  off  every  square 
foot  of  grate  surface,  as  compared  with  about  IG  indicated  horse-power 
two  years  ago ;  Mr.  Marshall  had  done  something  to  bring  this  about.  He 
should  !«  very  glad  indeed  to  have  particulars  of  Mr,  Marahall's  mercan- 
tile engines,  when  he  got  the  weight  down  to  25<l  lbs.  per  indicated  horse- 
power ;  it  would  be  most  interesting  and  useful  to  all  engineers. 

In  reference  to  Mr.  Blechynden's  remarks  he  quite  agi'eed  that  there 
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was  Bomelbing  in  the  reiliictk-u  of  Oiv  ireighl  due  tv  the  extra  pistnn 
speed  in  the  case  of  ihe  triple  ergionsion  endues.  Ho  t-hon^ht  also  tritb 
him  that  in  lliat  tine  ve  might  thos  redace  the  triiilea  even  further.  Via 
might,  with  assoniuce,  in  the  mercantile  tnuriDe  gu  at  n  piston  apmi  of 
IS  per  ccut.  more  than  we  had  beeu  in  the  hnbit  of  running  with  ti.e 
'ordiDory  oomiuuud  engine — that  is  with  three  cr^nka.  The  vessels  he 
had  c|ni(t«d  with  triple  engines  bad  an  increased  jiiston  s]NM!d  of  from  8 
to  li  per  cent,  over  the  oompoaml.  As  to  Sir.  Blechynden's  remarks  n 
weights  as  (|itut«d  b;  Mr.  Marshall  in  IBSS ;  these  on  referring  to 
paper  he  would  find  were  the  maximum  power  on  Uie  vojagv 

Hr.  Orawfiird  drew  attentiun  lo  sevenU  vessels  io  the  table  not 
ing  out  Che  oi>ncliisioiiB  that  the  writer  had  pnt  furth  ; 
with  a  little  more  careful  looting  into  the  table  Mr.  Crawford  woaM 
ihat  the  concluBtoiis  drawn  were  well  foanded  ;  he  took,  in  the  tirst 
the  average  of  wich  clasa  of  engines,  oomtioand  and  triple,  and  aflerwanb 
took  them  in  such  n  waj  aa  to  make  it  quite  clear  to  his  own  mind  tliat 
the  conclusion  arrived  at  of  22^  i^r  (%nt.  was  fair  and  reasonable ;  and 
the  difference  of  the  vessels,  m  stated  in  the  paper,  p^e  23G,  was  so  slight 
that  tlie  eqniktion  referred  to  might  !«  taken  as  fully  appitcable  to  the 
contenlH  in  Table  2,  Mr.  Crawford  compared  H  and  M  and  stated  he 
tliotight  that  the  comparison  vr&a  unfair  to  the  componod.  He  sud. 
"Iwcttusu,  while  the  triple  engine  with  cjlinders,  ^^ -— - — — ^   wu 

indiciatiiig  1,55(1  horse-imwer  on  presumably  sixty  rurolntions  nnd  woHc- 
iug  probably  at  il«  maximum  efficiency,  the  compounds  with  cylindov 
77,  —  was  only  indicating  1,100  horse-power  on  prestinmhly  under 

fifty  revolutions  and  working  pi-oltahly  at  its  ujniinium  inefficiency."  In 
reply  he  had  to  Biiy  that  the  maximum  Lorse-ixiwer  for  these  triple  enginei 
WHS  2,111)0  and  the  work  done  as  per  table  was  1,o5h,  or  a  difference  of 
22^  l»r  cent.  The  compound  engine  maximum  horse-jio»-er  wonid  be 
aliout  1,G00,  or  as  per  tabic  1,1  H>.  or  a  reduction  of  SO  per  cent.  He 
(Mr.  Hall)  contended  that  the  compound  in  this  case  had  the  best  of  it, 
due  to  the  fact  of  having  greater  expanaion  of  steam  and  mora  economical 
means  of  generating  steam,  the  boilers  having  less  work  to  do.  Again, 
ill  comparing  tbu  vessel  marked  M,  Mr.  Ci-awford  took  the  two  royagn 
separately.  This  he  contended  was  unfair.  The  writer  of  tho  paper  took 
the  longest  time  with  this  vessel  of  which  be  had  infoimatiuu  aiid  put 
it  down  exactly  as  it  was.  He  might  have  explained  bis  reason 
why  the  second  case  of  M  or  M',  ns  Mr.  Grawpird  called  it,  was  a  I 
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pcrfortuMice  than  the  other ;  tliis  was  simply  due  to  the  Tact  that  when 
the  sliip  made  the  good  performnnce  ahe  had  Ijeen  newly  docked  and 
cleaned,  the  remaining  part  of  the  work  was  done  without  having  been 
previonsly  in  the  dock ;  therefore  he  considered  the  mean  of  the  two  was 
the  only  fair  way  to  look  at  this  vessel ;  it  was  the  mean  on  a  long  dis- . 
tance,  which  meant  practically  sii  months'  work  or  two  voyages  to 
Bombay  and  back,  and  he  therefore  argued  the  way  BIr.  Ci-awford  had 
compared  the  perforraancea  was  unfair  and  of  no  real  value.  Aa 
suggested  by  Mr.  Crawford  he  would  append  a  Hat  of  the  immersed 
midship  girth  of  as  many  vessels  as  he  could.  He  was  afraid  he  would 
not  be  able  to  get  the  whole  of  them.     (Sec  Appendix  I.,  page  27i.) 

Mr.  Si)ence  was  quite  right  in  assuming  that  Table  1  was  largely  a 
weight  table.  In  reference  to  the  heating  and  grate  surface,  he  would 
find  this  given  in  Appendix  1,  page  274.  He  thought  he  had  really  given 
({uite  enougti  when  he  gave  the  coal  burnt,  the  distance  steamed,  an<l 
co-efficient  of  performances,  et<;.,  as  iu  column  in.  Table  2.  This  largelj 
governed  or  (jualificd  the  other  features  of  the  [lerformaitces ;  and  he 
thonghc,  from  the  standpoint  of  the  paper,  that  was  enough.  As  to  the 
indicator  cards,  these  were  taken  at  different  times  on  the  voyage,  the 
revolutions  iu  the  greater  nnmber  of  cases  were  taken  by  mechanical 
counters.  The  question  of  coal  consumption  was  as  per  coal  invoiced  to 
owners.  He  would  Dp;}end  also  the  midship  section  of  as  many  cases  as 
possible.  He  might  say  that  certainly  mure  than  one-half  the  vessels 
quoted  in  Tabic  2  won,'  nndev  the  care  and  control  of  a  superintendent 
engineer,  who  managed  and  got  returns  very  accurately.  He  would  also 
add  a  table  of  weights  (see  Appendix  II.,  page  274),  separating  the  engines 
from  the  boilers,  as  asked  fur  by  Mr.  Spcnce;  he  had  taken  two  cases,  D  as 
compound,  and  J  as  triple,  which  he  trusted  might  be  of  service  to  him. 

He  was  very  pleased  to  hear  Mr.  Weighton's  speech  that  night, 
although  it  did  not  altogether  agree  with  what  he  (Mr.  Hall)  had  said  as 
the  Boarce  of  the  reduction  of  weights.  He  quite  agreed  that  the  piston 
speed  was  a  big  factor  in  the  reduction  of  the  weights,  although  notwith- 
standing that  by  Appendix  II.,  page  274,  he  would  find  that  even  the  boiler 
department  was  reduceil  something  like  five  per  cent.,  irrespective  of 
what  the  engines  might  be  reduced.  He  (Mr.  Hall)  said  iu  his  pajjcr  he 
had  most  strenuously  advocated  thi-ee  cranks  as  being  an  element  of 
success  iu  the  triple  expansion  engines.  He  was  glad  also  to  have  Mr. 
Weighton's  experience  in  reference  to  the  sequence  of  cranks,  aa  during 
this  last  three  or  four  months  a  great  discussion  had  been  raised  by 
mechanical  eugineera  in  refereuoe  to  sequence  of  cniuks.     Beyond  what 
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was  due  to  the  rinfre  of  umi*nitiiri'.  there  H-a«,  iu  hia  opiDion,  not 
mnch   in   it,  and  the  difiorence,   if  aaj,  was  in  favour  of  the  low- 
pressure  leading.    Howorer,  he  considered  that  the  greater  power  could 
got  out  of  the  high-pressure  leading,  but  for  the  question  of  economj^.-j 
stated  in  the  paper,  the  low  pressure  leading  waa  the  moat  economical. 

From  Mr.  Tweedy'a  remarks  he  thought  he  must  have  misread  the* 
paper,  bb  certainly  it  was  never  intended  to  put  forth  that  the-  shipowner 
was  not  capable  of  judging  the  diSerencc  between  comi>ound  and  triple 
engiues  or  the  qualities  of  the  ship  as  against  that  of  the  engines.  He 
felt  satisfied  tiiat  the  shipowners  were  quite  willing  to  receive  infomiatiou 
in  .reference  to  the  adoption  of  the  new  tj-pe  of  cugiues.  Mr.  Tweedy 
thought  it  would  have  been  l)etter  to  take  the  dead-weight  or  the  cargo 
carried  aa  the  basis  for  consideration;  this  the  writer  did  not  a^ree  with, 
the  performance  of  the  engines  was  the  amount  of  weight  driven,  and  the 
weight  fif  the  ship  could  be  easily  determined  from  Table  2.  He  thought 
he  had  put  the  performances  in  the  best  way  he  knew,  and  was  not 
disposed  lo  agree  with  the  remarks  of  Mr.  Tweedy  in  reference  to  cargo 
carried. 

In  reply  to  Mr.  Sandison's  remarks,  he  thought  the  experience  nf 
Mr.  Taylor  would  convince  him  that  there  had  been  quite  enough  intbrni- 
ation  and  experience  with  high-pressure  boiler  to  form  a  fair  and 
reliable  opinion  as  to  its  life.  Mr.  Taylor  did  not  believe  in  the  factor 
of  safety  being  reduced.  Now,  he  (Mr.  Hall)  thought  that  the  experience 
given  hy  Mi-.  Taylor  in  his  remarks  in  reference  to  tlie  boiler  that  he 
had  just  II  short  time  ago  surveyed,  the  life  of  which  was  it^  years,  was 
an  evidence  or  a  reason  why  the  factor  of  safety  ought  to  be  reduced ;  the 
whole  of  Mr.  Taylor's  speech  went  in  favour  of  the  reduction  of  the 
factor  of  safely  rather  than  otherwise.  In  regard  to  the  difference  in 
displacement  of  compound  and  triples,  he  (Mr.  Hali)  was  of  opinion  that 
it  was  clearly  shown  in  Table  S  that  a  1 ,000  tons  displacement  iu  a  small 
ship  took  more  driving  than  l.dOO  tons  in  a  large  ship.  Although  Table  3 
might  show  that  triples  were  of  the  highest  displacement,  at  the  same 
time  if  Mr.  Taylor  would  look  at  the  cases  taken  separately  he  would 
find  that  almost  invariably  favour  was  shown  to  the  compound,  as  on 
pages  236,  237,  and  238.  He  would  like  also  to  state  he  had  clearly 
pointed  out  in  the  paper  that  he  considered  tiiat  the  compounds  were 
fair  and  good  examples  of  their  class — not  attempting  to  compare  poor 
compounds  with  good  triples,  hut  rather  the  beat  of  the  compounds  with 
the  average  triples.  ^^^^^  ^^^F" 

What  Mr.  Hii«t  had  said  re  wear  "^^L^ 
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tlie  piirjwrt  iiF  the  paper,  although  he  (the  writer  of  the  pftper)  should  not 
Iw  diaposed  to  sympathise  witli  Imilers  lasting  bo  Ion?  as  twenty  years ; 
this  would  be  directly  a^insl  the  interests  of  the  butldcrs.  Mr.  Uiret 
thought  that  a  scale  could  not  be  frot  by  the  use  of  mm  or  soda.  He 
(Mr.  Hal!)  said  in  his  pa|jer  "that  a  thin  covering  could  be  got  by  the 
nse  of  zinc  and  soda;"  also,  on  page  234,  that  "he  had  nosynipatliy 
with  the  practice  of  getting  a  heavy  scale  by  salt  deposits  to  protect  the 
surfaces  exposed  to  the  action  of  the  water." 

Referring  to  the  remarks  of  Mr.  Menzies  ra  his  esperience  with  triiile 
expansiou  engines,  he  (Mr.  Hall)  was  of  opiniou  that  the  treatment  of  the 
one  rery  much  suited  the  other;  at  the  same  time,  he  coosidcred  there 
was  a  little  more  care  required  in  the  treatment  of  boilers  of  the  higher 
pressure. 

He  again  thanked  the  members  for  the  attention  they  had  accorded 
liis  piper,  and  he  hoped  that  it,  together  with  the  discuastoti,  would  be  of 
service  to  the  Institution. 

The  President  said  he  luiderstood  that  the  bulk  of  the  spettkers 
upon  that  paper  were  engineers,  and  they  of  conrse  treated  it  from  their 
standpoint.  Now  there  were  a  great  number  of  shipownei's  meml)er8  of 
that  Institution,  and  he  was  sure  it  would  have  given  ranch  pleasure  to 
all  had  they  likewise  taken  part  in  the  disuussioti.  Perhaps  another  year 
they  would  have  the  same  subject  brought  up  again,  and,  if  so,  it  would 
be  a  great  assistance  to  that  Institution  if  shipowners  would  give  their 
experieuce.  Uc  again  thanked  Mr,  Hull  on  behalf  of  the  members  for 
his  able  ])aper. 


Xom. — In  tlic  tnbl«  ItitrwIumKl  in  Mr.  (.'i 
lie  figilrei  given  under  the  coIuuiiih  lieadvd 
eutagct. 
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PROCEEDINGK.  27S 

The  PiiEsiDEST  next  called  npon  Mr.  Boyd  to  move  the  nmcDdmenta 
to  the  Articles  of  Constitution  and  Bye- Laws  of  which  he  gave  notice  at 
the  last  meeting. 

Mr.  W.  Boyd  moved  that  the  following  alteratiocB  to  the  Articles  of 
Constitntion  and  Eye-Laws  be  adopted,  viz.  :— 

COSSTITUTIOX. 

Alt.  IX. — Insert  the  words  " an  Honorary "  before  '•  TreaBurer," 
line  i. 

Art.  X. — Insert  tile  word  "Honorary"  before  "Treasurer,"  lines  1 
nud  IG. 

Art.  XIII. — Last  pai-agi-aph  to  read,  "They  shall  be  eligible  for  office 
as  Councilmen." 

IIYE-LAW.-;. 

No.  7. — Erase  present  Bye-Law,  and  insert : — "  On  jiayment  of  each 
Bulfflcriptioo  the  .Secretary  shall  forward  to  the  memlier  an  official  receipt." 

No,  11. — Page  6,  line  5,  insert  "Honorary"  befoi-e  "  Treasurer  j" 
page  G,  line  16,  insert  "Secretary"  for  "Treasurer." 

Noa.  30,  31,  and  32. — To  read  as  one  rule,  as  foliowa  : — "The 
[Secretary,  who  shall  also  act  as  Treasurer,  shall  be  appointed  by  and  act 
under  the  direction  and  control  of  the  Council,  and  shall  be  paid  such 
salary  as  the  Council  shall  determine.  He  shall  attend  all  meetings. 
Council  and  General,  and  shall  take  miiiates  of  the  [irocecdings.  and 
enter  them  in  proper  books  provided  for  the  purpose.  He  shall  write 
the  correspondence  of  the  lostitntion  and  Council,  read  minutes  and 
notices  at  meetings,  report  discussions,  and,  if  required  by  the  Conncil, 
prepare  papers  for  I'eading  and  publication,  and  read  papers  and  com- 
munications at  the  meetings.  He  shall  receive  ail  payments  due  to  the 
Institution,  and  shall  liank  the  cash  in  hand  whenever  it  amounts  to  ten 
pounds.  The  bank  shall  be  determined  by  the  Council,  and  the  banking 
account  shall  be  in  the  names  indicated  in  connection  with  the  Finance 
Committee.  He  shall  keep  a  cash  account  book,  general  and  detail, 
which  shall  on  all  occasions  be  open  to  inspection  by  the  Finance  Com- 
mittee or  by  the  Council.  He  shall  keep  a  register  of  the  names  of 
members,  so  arranged  as  to  distinguish  all  members  whose  subscriptions 
are  in  arrear.  He  shall  also  perform  whatever  other  duties  are  indicated 
in  the  Bye-Laws  of  the  Institntion  as  appertaining  to  his  department  -, 
and  shall  remain  in  office  during  the  pleasure  of  the  Council,  He  shall 
not  vote  on  any  resolution." 

Note. — The  number  of  the  Bye-Laws  after  the  above  to  \k  altered. 
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No.  S3. — Insert  Lhe  word  "  Honorary  "  hefore  the  word  "  TrwwnTOT' 
whenever  named. 

No,  8G. — Erase  present  Bye-Law,  and  insert : — "  Copies  of  papers  U 
be  read  during  any  seflsion  will  be  sent  seven  days  before  the  date 
reading  to  members  who  ghall  have  applied  to  the  Secretary  for  tbem.  ia 
f  irritiiig,  at  the  commencement  of  the  Bonsion.    The  disciiBsion  on  a  paper 

■  ihnll  not  be  considered  closed  on  tlic  evening  on  which  it  is  read,  bill 
■idiall  be  open  for  renewal  at  a.  siibsoquent  meeting,  prior  to  the  reading  of 

■  Hie  paper  set  down  for  that  date." 

Mr.  Tatlob  seconded  the  adoption  of  tliesc  alterations,  which  was 
r  carried  nnanimonsly. 

Mr.  Menzies  proposed  that  Bye-Law  i*'  shonld  read  as  follows : — 
"  The  President  shall !«  chairman  at  every  meeting,  and  in  Lis  absence, 
one  of  the  Past  PrcsidentH  or  one  of  the  Vice-Presidente;  or  iu  the  absent* 
of  all  the  Vice-Presidents,  a  Oouncilmau  shall  take  the  chair ;  or  if  no 
Oonncilman  be  present  and  willing  to  take  the  chair,  the  meeting  sliall 
elect  a  Ohuirman." 

This  was  seconded  by  Mr.  Hai,i.,  and  carried  noanimonaly. 

The  Presidest  then  declared  the  resnlt  of  tlie  ballot  for  the  officer* 
for  the  ensning  year  as  under.  He  had  to  announce  that  he  had  )iad  the 
honour  of  being  re-elected  for  the  second  year :  he  could  only  promiae 
that  he  shonld  do  what  he  conld  in  the  future  as  he  had  in  the  ixaL  Ui 
further  the  interests  of  the  Institution : — 

Pmidvnt.  -W,  Thbo.  DosrOBj). 
VIce-Pretidealt.—'B.  C.  Bbowsb,  H.  F.  Swjls, 

C0H»M7BieB.- W.   J.    LIOM!,    W.    KlLVISOTON.    F.   C.   MlBSlliU.,    Jas.    IIedhwd. 

PiULip  Wiira. 
Hon.  Treaiurer. — B.  O.  NicnoL. 

Mr.  R.  L.  Weishton  moved  that  Mr.  R.  W.  S18SOS  be  re-appoinbed 

Auditor,  Mr,  Hall  seconded,  and  it  was  carried  unanimously. 

Mr.  Wm.  Boyd  said,  it  must  be  obvious  to  all  of  them  that  there  was 
oue  resolution  that  must  be  put,  and  he  modestly  thought  that  he  was 
the  fittest  person  to  move  that  resolution,  and  that  was  to  projiose  a 
hearty  vole  of  thanks  to  their  President  for  his  services  during  the  paat 
year.  Ho  was  quite  sure  of  one  thing,  that,  though  he  might  not  be  abls 
to  give  proper  expression  to  the  feelings  of  the  members  generally,  no 
one  nndeiBtood  better  than  himself  the  work  that  Mr.  Boxford  had  ^ae 
through  during  the  past  year.  There  was  one  point  which  he  wished 
Bpiuiiiily  to  mention,  viz.,  tlmt  Mr.  Doxford  hiid,  without  the  least  scruple. 
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withont  the  foist  heKitfttion,  made  himseir  bs  it  were  it  Newcastle  inao  J 
during  his  term  of  office.  It  waa  nl!  very  easy  for  them  who  lived  is  I 
NewcuKlle  to  come  down  there,  but  to  como  os'er  from  a  neighbouring,  I 
borough,  during  the  winter  raontli!",  not  only  to  the  general  meetingB  J 
bnt  to  Ihe  Council  meetings,  meant  a  very  pireat  aaerifice  of  his  jjersonal'  I 
convenience.  He  was  sure  they  appreciated  it.  Mr.  Doxford'a  kindneas  1 
and  coarteay  during  the  past  scusiou  had  been  notori"tiB,  and  he  begged  I 
them  to  join  him  in  propojing  a  vote  of  thanks  to  Mr.  Doxford.  i 

Mr,  0.  W.  HuTCHissoN  said,  he  rose  with  very  groat  pleasure  to 
second  the  proposition,  and  he  fchonght  it  spoke  rery  mucli  indeed  for 
Mr.  Doxford'a  attachment  to  that  Institntiou  to  have  allowed  himself  to 
be  nominated  for  another  year  of  bucIi  hard  work.  ' 

Carried  with  accliimatiou.  I 

The  President  said,  he  always  felt  it  a  difficult  matter  to  reply  to  a  ■ 
vote  of  thanks.     It  always  seemed  to  him  that  one  got  more  credit  thaU'fl 
one  deserved  for  the  tittle  services  rendered.    He  was  only  too  glads 
to  do  all  he  could  to  further  the  interests  of  the  Institution.      The! 
incoming  year  would  be  a  very  important  one  for  that  Institution,  as  the  1 
Institntion  of  Naval  Architects  had  accepted  the  invitation  to  visit  1 
Newcastle  and  Sunderland  this  summer.     He  need  not  say  that  a  great  1 
deal  would  depend  not  only  upon  the  President  but  also  upon  the  mem-  j 
kers  of   that  Institution  to  make  those  meetings  successful,   and  he  1 
trusted  to  receive  from  all  their  cordial  support.     He  believed  that  the 
Naval  Architects  expected  that  they  would  jjrovidc  some  of  the  papers 
which  were  to  he  read.     If,  therefore,  any  member  was  prepared  to  i-ead 
a  paper  they  would  be  very  glad  to  receive  notice  at  once.     It  was  also 
very  important  that  papers  for  their  own  next  session  should  be  taken  in 
hands  early  so  that  they  might  be  distnbated  in  good  time.     He  did  not 
think  that  they  had  had  a  paper  in  due  time  duiing  the  past  session,  and 
this  rendered  it  quite  impossible  for  the  Council  to  carry  ont  the  arrange- 
ments for  the  meetings  as  satisfactorily  as  they  wished  to  do.     lie  would 
especially  appeal  to  the  members  from  Sunderland  to  offer  papers,  for  he 
felt  that  they  had  not  done  what  they  ought  to  have  done  in  the  past. 
He  believed  they  had  the  talent  and  ability  to  produce  papers  as  welcome 
to  that  Institution  as  any  they  had  yet  had.     Let  them  therefore  do 
BO  and  thus  put  Sunderland  into  the  praition  it  should  hold,      The 
Council  would  be  glad  of  papers  upon  practical  details  of  ship  and 
engine  construction,  for  which  there  waa  plenty  of  room  and  which 
could  be  well  prepared  by  many  members  who  could  not  trust  themselves 
to  deal  with  the  higher  tliuoretiual  subjects.     There  was  another  subject 
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tlmt  he  would  like  to  mention  and  that  was  the  apjwreDt  apathy  of  mem- 
bers regarding  the  election  of  members  of  Council,  etc.  It  could  bardl; 
bo  a  satisfactoiy  state  of  affaire  when  less  than  25  per  cent,  of  the 
members  took  the  trouble  to  rctuni  the  voting  papers  as  was  the  case 
this  week.  For  his  own  part  he  would  rather  Lave  seeu  75  per  cent,  of 
papers  returned  even  if  the  resnlt  had  been  the  election  of  another 
President,  for  it  would  have  shown  that  the  great  bulk  of  the  memben 
were  takiug  a  direct  interest  in  the  management  of  the  Institutiou,  and 
that  would  have  been  the  best  possible  guarantee  for  its  future  sncoesB. 
He  again  thanked  them  for  their  kindneES,  He  then  declared  the  third 
session  of  the  Institution  dosed. 
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SPECIAL     NOTICES, 


The    Wood    Memorial    Hall,    Neville    Street, 

Newcastle,  "ill  be  open  to  Membere  from  9  a.m.  to  I  p.ni.  und 
from  «  to  G  p.iu.,  oil  tlic  Tuesday,  WedncBday,  and  Thursday ;  and  from 
9  to  1 1  a.m.  on  Friday,  for  the  reception  of  Letters,  iseue  of  Programmea, 
Members  and  Visiture'  Cards,  etc. 

Railn-iiy  and  Limchwu  Tickets  can  be  obtained  h;  Members  of  the 
loBtitution  on  application  to  the  Hon.  Secretary,  Mr.  John  Duckitc, 

During  the  Meetiuga,  letters  for  the  Secretary  of  the  Iiistitntinn 
of  Naval  Architects  should  be  addresseJ  to  the  Wood  Memorial 
Hall,   Neville  Street,  Newcastle. 

The  Library  and  Reading  Room  of  the  Literary  and  Philosophical 
Society  has  been  kindly  placed  at  the  disposal  of  the  Members  of  the 
Institution  of  Naval  Architects  during  their  visit. 

Two  Excursions  are  set  down  for  Thursday.  Members  cao  chooae 
which  they  will  take.  Membei's  going  to  Jarrow  can,  if  they  desire, 
return  by  ordinary  Tmiti  to  Newcastle  (Ist  class  fare,  Is.),  MemberB 
going  to  Low  Walker  can,  if  they  desire,  return  by  ordinary  Traio  to 
Newcastle  from  either  Low  Walker  or  WaUsend  Stations  (Ist  class  fare, 
7d.). 

The  Executive  Council  of  the  Exhibition  have  kindly  allowed  tickets 
to  be  issued  to  the  Members  of  the  Institution,  admitting  them  bo  Hic 
EshibitioQ  at  all  times  on  July  26th,  27th,  and  28th.    {Pink  Tukel.) 

S-  It  is  absolutely  necessary  that  th6  times  set  down 
for  the  various  Excursions  should  be  strictly  adhered  to 
throughout. 

*.r  Visitors  and  Members  are  requested  to  sign  their 
names  upon  the  various  Luncheon  Tickets,  and  give  them 
up  to  the  attendants  at  the  doors  of  the  Luncheon  Halls  on 
entering. 

fffllcee  or  the  Snetltutlon  ot  naval  Bicbttects : 

.'i,  Adei.phi  Tkhrack,  London,  W.O. 

(ilWKGE  HOLMES,  Esy.,  ikcrt-tary. 

<9Ricee  or  the  noctb=£ast  coast  3netitution  oi  Snsineera 
DUO  SbipbulIOcTS : 

G,    ExCHUfOE    BUILDIKGB,    KiKQ   STREET,    NeWCA STLS-OS-TYITS. 

JOHN   DUCKITT,  Eay.,  Secretary. 


IN8TITDTI0N    OF    NATAL    AEOHITBCTS. 


OFFICERS   OF  THE   INSTITUTION   FOR  1887. 


Vice^^tesiientB. 


H.R.H.  The  Dnkeof  Eduiburgb,  K.G.,  K.T., 

K  P.,  G.C.S.I.,  G.C-M.a.,  K.C.B..  Vice- 

Adxiiiml. 
The  Right  Hon.  Tlie  Eurl  of  NoHlibrciok, 

O.C'.S.!. 
The  Itigbt  Hon.  Lord  Broue;,  K.C.B. 
Tho   Might  Hon.  Lord  Georeo  Haniitton, 

M.P. 


The  Ri):bt  Hon.  Sir  John  Dalrvniple  Haj, 
Bart.,  K.O.B.,  D.C.L.,  i'.RM.',  Admiral. 

The  Riebt  Hon.  Sir  Cooper  Kej,  G.C.B.,  I 
P.H.8.,AdmirBl.  I 

Tbe  RiRht  Hon.  W.  H.  Smith.  M.P.  ' 

The  Hon,  Arthur  DiinconilN>.  Admiral. 

Lord  Armstroiig,  C.B^  D.C.L.,  LL.D..  F.R.S, 

Sir  Nalhaniel  Barnabj,  K.C.B. 

Sir  F.  J.  BntDwell,  P.lt.S. 


Alexander   Milne.    Bart.,    G.C.a, 

Adminil  of  the  Ftcct. 
Sir  Frederick  W.  E.  Nicolson,  Bart.,  C.B 

Admiral. 
Sir  James  Ramsdeo,  Kl. 
Sir  E.  J.  Heed,  K.C.B.,  F.B.S.,  M.P. 
Sic    Robert   Spencer    Rubinaon,   K.C.B 

F.R.S.,  Admiral. 
Tliomaa  Uraiidreth,  Vice-AdmiraL 
K.  K.  Barnes,  Eii^. 
Peter  Deorty,  Esq..  F.R.S.E. 
Henry  Orean,  Ew|. 
Benjamin  MsFtuU,  Esq. 
Oeortre  W.  Bcndel,  Esq. 
W.  U.  Tiiidall,  Esq. 
Bernard  Wavmouth,  Esq. 
W.  H,  IVhiti,  Esq. 
James  Wright,  Esq.,  C.B. 
Joseph  Woollsj,  Esq.,  MA.,  LL.D,' 


Fra 


isElga 


Aemliers  ot  OounclL 

I     Henry  Morgan,  Esq. 
William  Parker,  Esq. 
John  Price,  Esq. 
Genrge  Banks  Rennie.  Esi|. 
John  SooCt,  Esq. 
Richard  Sennctt.  Esq. 
Willlaui  E.  Smith,  Ehj. 
J.  Rodger  Thomson,  Eb>i. 
John  I.  Thnrnycrott,  Esq. 
PbiUip  Watts,  Esq. 
Henry  H.  West.  Esq. 
A.  F.  Yarroft-,  Esq. 


J   MacFariai  , 

Sir  E.  J.  Uarland.  Bart. 
R.  H.  Humphrjii.  Esq. 
John  Inglia,  Esq.,  Jun. 
Williain  John,  Esq. 
Aleiaiidcr  C.  Kirk,  Esq. 
James  Laiiig,  Esq. 
Henry  H.  I^jid,  Esq. 
Frank  C.  Marahall,  Esq. 
J,  T,  MilUju,  Esq. 

associate  itembetB  ot  Council. 

The  Most  Hon.  the  Marquis  of  AiUa, 
John  Corry,  Esq. 
Prof.  J.  H.  Cotlerill,  F.R.S. 
Commander  R.  N.  Coetance,  R.N. 


Genrge  Duncan,  Esi|. 
R.  E.  Fronde,  Esq. 
JJiion  Kemp,  E»t|. 
Captain  O.  H.  Noel,  R.N. 


Cceaeureir. 

Henry  Green,  Esq.  (Vice-Presidant.) 

auditors. 

John  Corry,  Esq.  (Assireiote  Member  of  Council.) 
E.  A.  Cowper.  Eiiq,  (Ajsociate.) 

Scctctatu. 

George  Holmes,  Esq. 


VISIT  OF  THE  INSTITUTION  OF  NAVAL  ARCHITECTS. 


The  Nokth-East  Coast  Institution  of  RNGi>'EBa8  and  Ship- 
builders having  invited  the  InBtitution  of  Naval  Architects  to  Tisit 
this  distriot  and  hold  a  Summer  Session  in  Newcaatle-npon-Tjne  aud 
Sunderland,  and  the  invitation  having  liecn  accepted,  the  following 
gentlemen  were  appointed  an  Executive  Committee  to  make  (he  necessary 
arrangementB  for  the  intended  visit: — 


W.  T-  D.)iford,  Ebii-,  Ckairmaa. 
W.  Bo)d,  Ka.]. 
W.  J.  Bniif,  Esq. 
H.  Charlton.  Ke(|. 
J.  P.  HftU,  Esq. 

I  A.  Luing,  Esq, 
l"6.  Macoll.  E»q. 
I  7.  C.  MarthBlt,  Esq. 


GENERAL   RECEPTION  COMMITTEE. 

Council  of  North-EiiBt  (Joast  Institution  of  Engineers  and  Shipbnildera, 


President. 

W.  Theo.  DoxfoKl,  Esi 


J.  Pries,  Sm. 

R.  Rewlliead.  Eh). 

A.  Taylar,  Esq. 

R.  Thoinpson,  Eaq. 

J.  TwMd;,  E«q. 

P.  WiittB,  Esq. 

R.  L.  Welghton.  Eaq. 

J.  Dackitt,  E«q„  San.  Seerttary. 


Past-  President. 

W.  Bojd,  Esq. 
Vice-Presidents. 

I  Wighiiia  Riclisnlsoa,  Eiq. 

H.  F.  S»an,  Eiq. 
I  A.  Tsjlor.  Eiq. 

Councilmen. 

James  Readbead,  Esq. 
M.  Sandison,  Esq, 
W,  G.  Spencp,  Eiq. 
J.  C.  Stinakcr,  Esq. 
Robert  TbompsoQ,  Esq. 
J.  Tweedy,  Esq. 
P.  Watts,  Esq. 
R.  L.  Weighton,  Esq. 
B,  <i.  Nicliol,  Esq..  Hoaorarg   Treaturfr. 
J.   Uuckitl.  Esii.,  SterHarn  and   Treaiurer. 
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GENERAL  RECEPTION  COMMITTEE— Continued. 

Sir  Benjamin  V.  Browne,  Major  of  Ncwcaatle-on-Tjne. 

W.  H.  Stephenson,  Esq,,  Sheriff  of  Nen-C3Btlc-on-Tjne. 

E,  It'icltardion.  Esq.,  Hkjor  of  SunilurUntl. 

Q.  Davidson,  Esq.,  Mnyor  of  GatesheBd. 

J.  T.  Eltringhnm,  Esq.,  Mayor  of  Soath  ShieJda. 

J.  Elliot,  Esq.,  Mayor  of  Tjnemoath. 

T.  8.  Salter,  Esq..  Major  of  Jumw. 

Sir  LVrles  Mart  Puluier,  Bart.  Presiduiit  of   Newciutlc  and  (iatfaliewl  l^iianibcr  0/ 

Cominerce. 
J.  C.  Stevenson,  M.P.,  E»q.,  (Jbaimian  of  lliver  Tyne  Improvement  Commisrioners. 
Jauies  Laing,  Esq.,  Cliuirmaii  of  River  Wear  Commisuonera. 
P,  J.  Meuuiit.  Esq.,  C.G.,  Engineer  to  Rivor  Tyne  Improvement  Commiiaionen. 
H.  H.  Wake,  Esq.,  C.E.,  Engineer  to  River  Wear  Commimioners. 
Sir  Lowthiun  Bell,  President  of  North  of  Knglund  Iiutitnte  of  Mining  and  Mechanical 

Engineers. 
ProfcsBorW.  Qaroett,  M.A.,  D.C.L.,  Principal  of  Durliam  College  of  Physical  Science. 
Lord  Armstmng,  C.B.,  D.C.L.,  LL.D.,  F.R.S.,  CraRside,  Bothburj. 
8.  P.  Aostin,  Esq.,  Wear  Shipyard,  Sunderland. 
J.  S.  Bnnvick,  Esq.,  Sanderland. 

W.  Block,  Esq.,  Me«srs.  Black,  Hawthorn,  k  Co.,  OaCeshead. 
W.  Boyd.  Eh[..  Messrs.  Walliond  Slipway  &  Engineering  Co. 
T.  B.  Briggs,  Esq.,  SnnderUnd. 
Ralph  Cut,  Esq.,  Newcastle. 

H.  Clark,  Esq.,  Mr.  G.  Clark,  Sonthwick.  Sunderland, 
G.  Cleagh,  Esq.,  Messrs.  Tyne  Iron  Shipbailding  Co..  Willingt«n  Quay. 
a.  Crawshaj,  Esq.,  Haughton  Caatie. 

W.  Cross,  Esq..  Menni.  R.  i  W.  Hawthorn,  Leslie,  A  Co..  Forth  Banks, 
J.  H.  W.  Culliford,  Esq.,  Sunderland. 

W.  Denton.  Enj.,  Messrs.  Palmer's  Shipbuilding  &.  Iron  Co.,  Jarrow. 
W.  Dickinson,  Esq.,  Mr.  Joim  Dickinson,  Sunderland. 
W.  Dickinson.  Esq.,  Newcastle, 

a.  p.  Doxfonl,  Esq..  Messrs.  W.  Doiford  &  Saan,  SunderUnd. 
E.  Eccles,  Esq.,  Newcastle. 
J.  Fisher,  Esq.,  Newcastle. 
R.  H.  Oayncr,  Jan.,  Esq.,  Sunderland. 
J.  L.  Oracie.  Esij.,  Newcastle. 
W.  Hepple.  Esq.,  Messrs.  W.  Hepple  &  Co.,  Norlh  Shields. 

B.  H.  Hudson,  Esq..  Sunderland. 

J.  H.  Irwin,  Esq.,  Nnrtb-East  Marine  Engineering  Co.,  Sunderland. 
W.  Jenkins,  Esq.,  Consett  Iron  Co. 
James  Laing,  Jnn.,  Esq.,  Deptford  Shipyard. 

A.  de  Laonde  Long,  Esq.,  Messrs.  Dorman,  Long,  &  Cii.>  Hiddletborough. 
G.  E.  Macarthy,  Baq.,  Newcastle. 
John  Macintyre,  Jnn.,  Esq.,  Newcastle, 
H.  Macoll,  Ev\..  Wear  Shipyard,  Sunderland. 
J.  U.  Milbom,  Esq.,  Newcastle. 

C,  Mitchell,  Esq,,  Jesmond  Towers,  Ne'vcasde. 
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GENERAI,  RECEPTION  COMMITTEE.— CoNrmtrroT 

Uciiry  Nelaoii,  Esq.,  Ncweutle. 

T,  Knknej,  Esq..  Suudorlitnd. 

lohn  fUtdhelA,  B>i|.,  Heun.  John  Iteadhe^  &  Co.,  Soiilh  Shields. 

G.  Renwick,  Esq.,  MosBra.  Pontoons  A  Dry  Dock  Co.,  WaUiend. 

n.  RubertB,  Esq.,  Newcaatle. 

J.  Bo^rson,  Esq.,  Croidale  Hsll,  Ourliaui. 

W.  H.  Scott,  Eoq.,  NewcikBtle. 

B.  Soott.  Eiq.,  Meura.  Ernest  Scott  &  Ci>.,  Nan-coatle. 

B.  Shodfurtb,  Eng.,  SundcrUnd. 

J.  Y.  Bhort.  Esq.,  Messrs.  Short  Bnitlier*,  Sunderland. 

J.  W.  Spencer,  Esq.,  Me»s».  John  Spencer  k  Ct%.,  Ncwbnrn. 

W.  D.  Stephens,  Esq.,  Nen-ostlo.' 

F.  S.  Strickland,  Esq.,  NeH-rautle, 

S.  Tathsni,  Esq.,  Mestra.  Hawka,  Crawshay,  1  Soni,  Oateshead. 

J.  Tempcrlej,  Esq.,  Newcaatlc. 

J.  L.  Thcimpson,  Jun.,  Esq..  Uessra.  J,  li.  Thompson  k  Sons,  SanderLuid. 

R,  TliompBOD,  Esq.,  Messrs.  Bobert  TlioiopeoD  &  Sons,  SoiiderUnd. 

H.  Watson,  Esq.,  Messrs.  Honrj  Watsoii  i  Co..  Newaistle. 

R.  Welford,  Esq.,  Tyne  St*»ni  Shipping  Co..  Nowcaslle. 

P.  O.  H.  Wcstmiicott,  Esr].,  ElsH'irk  Works,  Newcastle. 


LiaX   OF   FlKMH  CONTRIBUTING    TO   THE    EXPENSES  OF   ■ 

ExECUTiTB  Committee. 


Arnutron^,  Sir  W.  a..  Mitchell  &  Co. 

Austin,  S.  P.,  &  Co. 

Black,  Hawthorn.  &  Co, 

Clark,  George 

Consett  Iron  Ca, 

Dickinson,  John. 

Dorman,  Long,  &  Co. 

Doxford,  W.,  &  Sons. 

HawUiom.  E.  ft  W.,  Leslie,  &.  Co. 

Hawks,  Crawshay,  &  Soni. 

Hepple,  W.,  4  Co. 

Laing,  James. 

North-Enstcm  Marine  Engine  Works  Co. 


Palmer'a  Shipbailding-  &  Iroi 
Bcadhmd,  John,  &  Co. 
Richardson,  Wighain,  &  Co. 
Scott,  Ernest,  ii  Co. 
Short  Brothers. 
Speneir,  John,  ft  Sous. 
Thompson,  J.  L^  ft  Soil*. 
Thompson,  Robert,  ft  Sana, 
Tyno  Iron  Shipbuilding  Co. 
Tyno  Pontoon  ft  Dry  Dock  Co. 
Wallsend  Slipway  ft  Ettgineerin^  Co.   I 
Watson.  H..  ft  Sous. 
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Jnstitution  of  flaval  Htcbltects. 


-*♦•- 


SUMMEE    SESSION 

AT 

NEWCASTLE-ON-TYNE  AND  SUNDERLAND, 

188  2. 


THE  RIGHT  HONOURABLE  THE  EARL  OF  RAVENSWORTH, 
IWndent  of  the  InstittUionj  will  occupy  the  Chair. 


The  Meetings  will  be  held  as  follows  :— 

On  Tuesday,  July  26th. 

At  the  Hall  of  the  Literary  and  Philosophical  Society  (kindly  lent  for 
the  occasion),  Westgate  Boad,  Newcastle-on-Tyne,  at  10  a.m. 
punctually. 

On  Wednesday,  July  27th. 

At  the  Hall  of  the  Subscription  Library,  Fawcett  Street,  Sunderland, 
at  10  a.m.  punctually. 

On  Thursday,  July  28th. 

At  the  Hall  of  the  Literary  and  Philosophical  Society,  Westgate  Boad, 
Newcastle-on-Tyne,  at  10  a.m.  punctually. 

On  Friday,  July  29th. 
Excursion  to  Consett,  to  visit  the  Gonsett  Iron  and  Steel  Works. 

(Admission  to  the  above  by  Member  or  Visitor's  Ticket.) 


g>rogiamine  of  pcocee^mya. 

.  Juty  : 


Gvsnn.'    ^  tfe  B^t  Baa. 

Dxr J^ "  ". r.KJ(. (Til 


Fbaxx  C.  HiSHiu,  B^,  Hoiter  art 


12-SO  p.a^~Lan  fay  BpaM  Cmnjwaam  (6m)  bm   ife   ^d  « 

1-0  pLaLr-Lntbon  at  Ebvidk  ea  tW  Invitatiai  «f  Mokb.  8b-  W.  G. 

Ai— roMft',  Httdxll,  &  Co.   (^daiwiwi  I7  Ixxhrn^m  CmL} 
M5  pA^— iMfectMn  of  Man.  Sr  W.  G.  Amtna^  MilrtMll,  *  Ch.'« 

Wocfa  and  BtifjtaA,  it  Hnridc    (See  lagc  302  a^  P^j 
4'M  piA. — Betnni  fnn  Elnrk^  faj  Specal  CnartjwMMM  to  (haad 

Station,  KevcMtie. 
^Tbe  erening  of  Uik  daj  wO]  be  ntfaout  e 


Wednesday,  July  27th. 

9'Ifi  a.m. — A  8i«ci&l  Tmin  (bj  A^  railvBT  ticket)  will  leare  the 
8uti'>ii,  Newcaetlu.  for  Sonderiand,  calling  at 

10  11.111. — MoRsiira  ilBtmso  at  the  Hall  of  tbe  Satampdoa  Ubawij, 
Fa»cett  Btreet,  SanderlaDd,  at  10  a.m.  paDctnaily. 

Offiml   Rec^fitioo  nf  the  Inatitntiou  by  the  Mayor,  Shipbnildoi,  sad 


■ 

)  win  leare  the  Cbata^H 
ng  al  GatiBbnd.       ^^ 


En^ioeera  of  Suiid«rbiid. 
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The  fuliowing  Papers  will  be  read  and  discussed: — 
I.  "On  somk  rkcest  ExrERiHBNttj  with  Basic  Steel." 
Bj  \V.  H.  WuiTB,  Esq.,  Director  of  Naval  Construction, 
Vice-President. 
i.  "On  the  PttKSENT Position  occupied  bt  lUsic  Stkel,  for 
BHipaniLJHNS."  Uy  B.  Martell,  E8i|.,  CliieFSnrvejor  to 
Lloyd's  Register  of  British  and  Foreign  ShippiDg,  Vice- 
President. 


12'4S  p.m. — Luncheon  in  the  New  Assembly  Hull,  Fnwcett  Street,  Sun- 
derland, on  the  invitation  of  the  Oeneral  Committee.  (Buff 
TkktI.) 

2  p.m. — Tlie  party  will  drive  by  Special  Conveynnces  (free)  to  the  C'hniii 
Oftble  ond  Anchor  Testing  Wurks  of  the  River  Wear  Com- 
missioners, South  Dock,  which  will  be  seen  in  operation. 
(Admission  by  Member  and  Visitor','  Ticket.)  (See  Plim  of 
Sunderland.) 

.*i'0  p.m. — DeiKirt  from  North  Tidal  B^in  by  Steam  Tpg  (kindly  provided 
by  (be  Commissioners)  for  Roker  Pier  Worka. 

4'50  p.m. — Leave  Roker  by  Special  Conveyauccs  (free)  for  Central  Iluil- 
way  Station. 

5*20  p.m. — Return  from  Central  Station.  Sunderland,  by  Special  Ti-ain 
to  Gateshead  and  Newcastle. 

«  p.m.— Convorsazione  imd  Reception  by  invitation  of  Sir  BexJAUiX  C. 
Browse.  Mayor  of  Newcastle,  and  J,.\nv  Urowxb.  at  the 
Roynl  Mining,  Engineering,  and  Industrial  Exhibition, 
Newcastle.  (The  Reception  will  take  place  in  the  Art 
Gallery,  South  Court.    Evening  Dress.) 


Thursday,  July  28th. 

D'iS  a.m. — Tiie  Council  of  the  Institution  will  meet  in  the  small  room  of 
the  Literary  and  Philosophical  Society,  Westgate  Road,  New- 
castle-on-Tyne,  to  recommend  the  Election  of  Candidates  as 
Members  and  Associates, 
",•   Members   havhiij   Candidates   to  bring  forward  for  election 
are  requested  to  send  Iheir  projmsal forma  to  the  Seerelary  aa 
toon  ai  possible. 
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I. — Meeting  of  the  Mpniln-rs  tit  tlie  Hall  nf  the  JAtenrj  i 
PhiloBopliiuaJ  Society.  WesLgatt  ItuEid.  Newoastle-ou-Tytie. 
the  Klcction  of  Members  iiad  Associates,  and  for  the  tram 
tioii  of  other  foiinal  business. 
The  following  Paper  will  be  read  and  diBcussed  ; — 
"  Tyhe  iMf  H0VEMENT9."  By  P.  J.  Mebsent,  Esq.,  O.E„  Engil 

eer  to  River  Tyiie  Commissioners. 
The   Dfbate  on  Mr.  F.  (.',  Marshall's  Paper  will    the 
resumed. 


■8?tle-on-Tyne,   mi  th 
EntmiiL-e  fniin  Clot 


li'>30  p.m.— Liiiielieon  in  thi-  Ti.wn  Htill.  N 
invitation  of  the  General  Commitli 
Market.    (Uliif  Tukf-t.) 
ExcuRKiON  No,  1, — (By  Member  or  Visitor's  Ticket.)    .See  Pi 
of  River  Tyne. 

1'50  p.m. — Leave  Fish  Quay  by  Special  Steamer,  "  J,  0.  .Stevensi>n 
(kindly  provided  by  the  Tyne  Commissioners),  for  .1; 

2'S5  p.m. — Arrive  at  Klessrs.  Palukrs    Shipbuilding  and   Iron    Co.VI 
Worke.     Inapet^t  tlie  AVorka.    (See  page  800  and  Plan.) 

4  p.m. — Depart  by  Steamer. 

4'SO  p.m. — Arrive  at  North  Pier,  Tynemouth. 

5'15  p.m. — Return  by  Special  Train  (by  free  railway  ticket)  from  'I'yiM. 
mouth. 

5-35  p.m. — Arrive  at  Central  Station,  Xewcaatle. 

Excursion  No.  2. — (By  Memlier  or  Visitor's  Ticket.) 
of  River  Tyne. 

I'&O  p.m, —  Leave  Fish  Quiiy  by  Special  Steamer,  "Alice"  (kindly  pro- 
vided by  John  HogersoD,  yis<\.,  Croxdate  Hall,  Dnrliam).  fti 
Low  Walker. 

2'16  p.m. — Anive  at  liOW  Walker.  Insiiect  the  Shipyard  of  Messrs.  Si 
W.  0.  Armstrosg.  Mitrhbll,  &  Co.  :  also  the  Shipynrd  an( 
Engine  Work*  of  Messra.  WiGHAM  RiCHABDSo.v  &  Co. 

8'-tfl  p.m. — Depart  from  the  latter  yard.. 

4-30  p.m. — AiTive  at  the  North  Pier,  Tynemouth. 

5-15  p.ra, — Return  by  Sp;eial  Train  (free)  from  Tynemouth. 

5"35  p.m. — Arrive  at  Central  Swtion,  Newcastle. 

7  p.m. — Dinner  of  the  Institution  nt  the  Newcastle  Eshibition,  I'ickct^ 
79.  each,  exclusive  of  Wine.  Morning  Dress,  Tickets  will  be 
paid  for  at  the  Dinner.  Members  are  at  liberty  to  invite 
their  friends  to  the  Dinner. 


•,"  Mtmleri  intending  to  be  prtsmt  ar§  ptirlkiiiarUj  requetttd 
to  give  earlij  notice  to  the  Secretary  of  tlie  TnsttlitHon,  5, 

Adelphi  Terrac*.,  London,  W.C..  ulaling  the  number  of  Tickiti 
they  will  require. 
(A  description  of  the  Extiibilinu  will  be  found  on  page  295.) 

Friday,  July  29th. 

D-S.'j  ii.m. — I^eave  Central  Station,  Newcastle,  for  Coiiaett  by  Special 
Train  (by  free  railway  ticket). 

Ii'';l5  a.m. — Arrive  at  Consett,  and  inspect  the  Iron  and  Steel  Works  of 
Messrs.  Thb  Cossett  Ibon  Co.  (Admission  by  Member 
or  Visitor's  Ticket.)     (See  page  801  and  Plan  for  route.) 

(Should  a  number  of  the  visitors  desire  to  inspect  the 
Brick  Works,  marked  K  on  Plun,  and  which  are  n  short  dis- 
tance from  the  Main  Works,  a  party  will  be  organised  to 
visit  them.) 

1*15  p.m. — Luncheon  by  invitation  of  Messre.  Thr  Consett  Iron  Co., 
in  the  Town  Hall,  Consett.  (Admission  by  Invitation  Card, 
Green.) 

3-40  p.m. — Leave  Consett  by  Special  Train  (free)  for  Newcastle. 

N.B. — Visitors  desiring  to  return  South  can  leave  Consett 
by  3'25  p.m.  Train,  due  in  Durham  at  4'5,  to  catch  the  Sonth 
Train  leaving  Durham  at  4~21. 
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VISIT  OF  INSTITUTIOI 


NEWCASTl 


ROYAL  MINING,  ENGINEERI 


Plan   of  tj 


Ships'  Models  and  Marine  Engine 
Iron  and  Steel  Exhibits 
Ships'  Appliances  and  Fittings 
Dining  Rooms  and  Art  Gallery 


'LK-UrON'-TYXE   ROYAL   MINING.  EX(i 
AND  INDUSTRIAL  EXHIBITION,  1B87, 


INEEKINO,! 


((  tht  kind  ptrmiHiaH  of  Jiturt.  R.  Rohiiuon  <f   Co..  printer*  of  tkt  Official 
ralatognf,  a  Pin*  aftht  Eikibilioa  i»  attacked  to  (kit  Programme. 


Thk  main  IniildiagH  atv  divided  into  fonr  umrLs  forming  the  sides  of  u 
rectaiijjie.  and,  in  ao;ordaiicc  witli  their  [HjsitioiiB.  are  named  the  North, 
West,  South,  and  Bast  ConrtB,  Of  these,  the  eshibits  in  the  North  and 
West  Courts  are  the  most  interestinp;  to  all  engaged  in  the  professions  of 
naval  architcctnn;  and  marine  engineering ;  and  the  intention  of  this 
little  sketcli  is  to  act  as  a  guide  to  those  who  desire  in  as  short  a  time  as 
possible  to  view  these  exhibits. 

The  iirincipal  entrance  to  the  Exhibition  is  at  the  East  end  of  the 
North  Court.  This  com-t  is  divided  into  three  bays,  having  He\'en 
passages.  Following  the  route  marked  out  by  the  arrows  in  the  Plan 
the  visitor  should,  after  passing  the  turnstiks,  turn  to  the  right  and 
proceed  up  the  North  |ias»age  (No.  1)  where  lie  will  find  the  chief  collec- 
tious  of  models  of  all  clasKcs  of  ships  and  steamorH  lent  by  the  ship- 
builders  of  this  and  other  districte ;  indeed,  the  whole  of  the  North  wall, 
on  the  right,  is  completely  covered  with  them.  On  the  left  he  will  pass 
the  highly  interesting  wllectiou  of  models  lent  by  the  Italian  Govern- 
ment (a  few  of  these  will  also  be  found  in  passage  No.  2),  and  then  a 
fine  model  of  Sunderlmid  Harbour  and  Hocks,  sent  by  the  River  Wear 
Commissi  oners.  Fnrtliei'  uu  will  be  found  the  Rope  exhibits ;  and  to  fully 
inspect  them  lie  must,  ufier  passing  them  on  his  left,  turn  to  the  left  and 
return  by  passage  No,  2,  The  space  between  passages  Nos.  2  and  3  is 
chiefly  taken  up  by  the  Ijocomotivc  Rolling  Stock  exhibits  of  the  North- 
Eastern  and  Great  Northern  Railway  Companies,  but  between  these  two 
will  be  found  the  model  of  the  Mammoth  Crane  (one-twelfth  full  size) 
sent  by  the  River  Tyne  Commissioners  j  Mr.  John  Dickinson's  Patent 
Bnilt  Crank  Shaft  for  Triple  Expansion  Engines ;  and  snudry  Crank 
Shafts,  etc,,  manufactured  by  Messrs.  The  Tyne  Forge  Co.  Having 
passed  the  latter  he  mnst  turn  to  the  right  and  go  up  (towards  tbej] 
orchestra)  passage  No.  3.  He  will  now  find  himself  in  the  vicinity  of  theJ 
Sti^el  exhibits,  of  which  it  is  not  too  much  w  sny  this  Exhibition  fari 


exoels  anj  which  htiK  preceded  it.  On  his  left  lie  will  see  the 
model  (one-eighth  mil  sine)  of  the  Port  Engines  for  tht;  Royal  Itali 
twiii-w:rew  ironclad  "Saidegna,"  made  hy  Mr,  .1,  S.  Allison,  of  SnndcT: 
land.  The  enjjiDes  of  the  '•  Sardt^nii "  an-  (-npiibit?  of  developing  22, 
indicHti'd  horsL'-power,  and  are  bcin};  built  by  JleBsrs.  II,  &  \V.  Hm 
Leslie.  &  Co.,  at  tlieir  Italian  works.  (The  actrual  Crank  Shuft  for 
engines,  manufectured  by  Messrs.  Vickere,  Sons,  &  Co.,  is  on  rien  betide 
the  Model  Coal  Jline  in  the  North  Gardens.)  Sressrs,  Hiiwthorii,  Leslie,  i 
Co.  also  have  on  view  a  set  of  High-Speed  Triple  Expansion  Gngiuea. 
with  cylinders  "20  inches.  1'7  inches,  and  42  inches  diameter,  by  I>* 
inches  stnike,  bnilt  for  Torpedo  Cruisers.  The  visitor  may  now  itispeci 
the  exhibits  of  Messrs.  The  I^eeds  Forfje  Co.,  coiisistint;  of  their 
Corrugated  Furnace  Flue,  Patent  Flanged  Frame  Plates  for  Rolliiur 
Stock,  etc,  Next  lo  theui  will  be  found  the  aland  nf  ^ft-asrs.  The 
Barrow  Htematite  Steel  Co.;  then  those  of  Mr.  Waatcnt'yH  Smith 
Messrs.  Cochrane,  lirove,  &  Co.;  and. at  the  end  of  the  passage,  the  e; 
bits  of  Messra.  C.  CiiinHjell  &  f'u. 

Turning  to  left  lie  will  proceed  aiun^  iiii.-is;igt  No,  4,  when  he  will 
jmss  on  hia  left  the  Steel  exliibit«  of  Messi-s.  -Tolni  Speuccr  &  Sous,  who 
show  a  Cast-Steel  Beam  for  one  of  Sir  W.  (3.. Armstrong,  Mitchell,  A  Co.'a 
I2n  tons  Oun  Carriages,  weighing:  Hi  tons;  then  tliose  of  Messn, 
Farnley  Iron  Co.,  who  have  on  view  one  of  Fenby's  Patent  Spinil  0 
gated  Furnace  Fines ;  and  a  little  ftnther  on  Mr,  Thomas  Adams'  i 
tion  of  .'Safety  and  other  Valves ;  and  on  the  right  tiie  Steel  and 
exhibits  of  Messrs.  Jolin  Itrown  &  Co.,  who  show  one  of  Pni 
Patent  Uibbi'd  Funuice  Fines,  several  s|iecimcna  of  Arinonr  and 
Boiler  Plates,  also  a  most  interesting  exhibit  of  wiuipk-s  of  182 
Residual  Pi-odncfs  obtained  from  (ias  Coal  j  then  follow  those  of 
Mcssi's.  Tlie  Darlington  Forge  (.'o. ;  Messrs.  Hawks.  Cniwsliay. 
and  Sons ;  Messrs.  Ridley  &  Co.  ;  and  Messrs.  The  ^^''ullsend 
Slipway  and  Rngineering  Co..  who  have  sent  a  large  High  Pressure 
Marine  Boiler,  built  wholly  of  steel,  14  ieet  ti  inches  diameter  by  11 
feet  long,  having  three  corrugated  stoel  furnaces  .'t  feet  i!  inches  diamcttr, 
total  heating  surface  S,200  square  feet,  grate  surface  00  square  feet, 
capable  of  developing  Sou  indiealcd  horse-power.  The  riveting  of  the 
shell  throughout  has  been  done  by  Twcddell's  latest  Patent  Combined 
Piato-closer  and  Riveter,  some  of  which  machines  are  now  attached  to 
the  boiler  to  show  the  mode  of  using  this  invention.  This  firm  has  also 
on  view  a.  neat  little  model  of  a  set  of  Compound  Marine  Enginee. 
Next  to  the  Wallsend   Slipway  Co.   is   the  stand  ol  Messrs.   Wigbam 


■  '  'jiagau    K 


Richai-dsoii  &  Co.,  who  bUow  some  very  fine  models  of  SteBmei-s, 
a  moilel  of  a  set  of  their  Tripk'  Expiinsiou  Eugiues  (oue-eiglitli  full 
size),  -1,500  indicated  horse-power,  sereral  sets  of  Tweedy  &  Patterson's 
Patent  Piston  Rings,  also  an  arrangement  for  a  Ladies'  Cabin  for 
Steamers,  Proceeding  onwards,  on  either  aide,  are  the  Ordnance  Exhi- 
bits from  Messrs.  Sir  W.  ft.  Armstrong,  Mitchell,  &  Co.'s  Eiswick  Works, 
(fidl  particnlars  of  which  can  be  obtained  from  pages  40,  el  seq.,  of  the 
Official  Catalogne),  and  at  the  end  of  these  esliibits  will  be  fuond  on  the 
left  the  fine  finished  model  of  H.M.  Armour-clad  "Victoria,"  and  on  the 
right  the  hinuching  model  of  the  samn  vessel  showing  the  pihng  of  l>erth. 

The  sjiace  between  l.lie  jiassageB  Nos.  ft  and  11  for  abont  one-imlf 
the  length  is  taken  up  with  the  Locomotive  exhibits  of  MesBrs.  li, 
Stephenson  &  Co.,  Messrs.  R.  &  W.  Hawthorn,  Leslie.  &  Co.,  and  Messrs. 
Black,  Hawthorn,  &  Co.  Before  going  up  passage  No.  6  the  visitor 
should  inspect  Messrs.  Emley  &  Sons'  Saloon  of  Passenger  Steamer  in 
Marble  at  the  entrance  to  the  East  Court,  The  snuth  side  (to  the  left 
hand)  of  passage  No.  (i  is  devoted  chiefly  to  Harbour  and  Dock  e.thibits, 
models  of  Floating  Docks,  Dredgere.  etc.  But  if  the  visitor  will  turn  to 
the  left  by  Messrs.  Head,  Wrightson,  &  Co.'s  stand  and  proceed  along 
passage  No.  7  he  will  be  able  to  inspect  the  historioal  collection  of  Ship 
Models  exhibited  by  Lloyd's  Register  of  British  and  Foreign  Shipping 
(particulars  of  which  will  be  found  on  pagea  7B,  fl  «■?.,  of  the  Official 
Catalogne). 

Opposite  these  are  the  models  of  the  improvements  to  Ncwhaven 
Hurlionr ;  the  Barry  Dock,  Cardiff;  etc.;  maps  of  the  improvements 
now  lieing  cai'ried  out  at  Blyth  Harbour ;  and  the  model,  to  scale,  of  the 
■'  Entrance  to  the  River  Tyne." 

Following  the  coui-se  pointed  out  liy  the  arrows,  he  will  now  turn  to 
the  right  and  go  down  passage  No,  5,  which  will  bring  him  once  it 
among  the  steel  exhibits.     He  will  pass  on  the 


Left 

the  exhibits  of — 
Messrs.  The  Anchor  Tnbe  Co. 
„       Orewdson,  Hiirdj,  &  Co. 
„      Taylor  Bros.  &  Co. 
„      Credenda  Tube  Co. 
„      S.  Tyzaek  &  Uo. 
„       North-Eastern  Steel  Co. 
etc. 


Right 

the  exhibits  of— 
Messrs.  The  Oonsett  Iron  Co. 
„      Tredegar  Iron  &  Coal  Co. 
„       Weardalc  Iron  &  Coal  Co. 
„      J.  Rogeiiion  &  Co. 
„       IJuird  &  Barnaley,  who  ex- 
liibit  a  set  of  Compound 
Surface  Condenfing  En- 
gines. 


If  lip  will  luru  to  the  riglit.  in  fr'nil  of  Messre.  Baird  &  BnmgW 
stand,  and  return  bj  passage  Nd.  G  to  the  West  Court,  he  will  find  on  Ida 
right  tlic  Btand  of  Messra.  Bell  Bros.,  which  niuy  be  siiid  to  givfi  a  moA 
inatniclive  lesson  on  the  manufhcturc  oT  Pig  Iron.  A  little  farther  on, 
ia  the  fine  exhibit  of  militia  Ciistinga  pnnliiced  bv  Mr.  T.  Nordcnfclt's 
pat«nl  process ;  and  the  Hteel  exhibit  of  Messrs.  Seolwlmi  &  DieckstahL 

Having  examined  these,  he  may  now  enter  the   West   Court  i 
Aunese.     A  considerable  portion  ol  this  court  is  devoted  to  the  exhiliifl 
in  connection  with  coal  mining,  while  Ihc  Annexe  is  cbieflj  occnpied  b; 
various  classes  of  machinery  in  motion. 

He  should  proceed  along  the  East  (No.  1 )  possage  of  this  court,  wha 
he  will,  amongst  others.  1>e  able  to  inspect  the  following  exhibits, on  tho 
Rkjht 


i.*h    ^\■llter 


l.ttT 

Mr.    J.    Kirkahly— F. 
Heaters, 
Distillers,  etc. 
Mr.  Andrew  Reid — Printing  Office 
including  Lctterprosa  and 
Lithographic     Priniiug, 
^^^H  Folding,     Stitching, 

^^^^^H  Pi-cssiug,    and    Cutting 

^^^^^^  Machinery,  etc. 

^  Hesara.  Clarke,  Chapman,  Parsons. 

■  &  Co.  — Patent  Wind- 
H  lasses,  and  Capstans. 
H  Steam  Steering  fiears, 
H  Steam  Winches,  etc. 

■  alo 
H  fin< 
I  En 
H  all 
I  she 
H  Eta 
I  £n 
H  Dii 

H^  Dot 

^^^H   piu 


Mi-ssL'g,  BolckuiV,  Vuughun,  & 
Iifiri  Ore,  Iron  nnd  .S 
eihibite. 
„      Whitwell  &  Co.—  Irwn 

Steel  exhibits. 
„      Hariield  &    Co. 

Windlass  Steeriog  Gears 
and  otlier   Ship  Appli 
ance.s, 
Dnnston    Engine   Worka 

Co. — Ship  Appliances, 
A.  Shanks  &  Co, — A  let 
of     Triple     ExpaiiHon 
Marine  Engin< 
If  he  will  now  turn  to  the  right  (by  Shanks' engine)  and  proceed' 
along  the  second  passage,  it  will  bring  him  to  Messrs.  Doukin  &  Ntch"l  fr 
fine  exhibits  of  Steam   Steering  Gears,   Ash   Hoisting   Engines,   Fan 
Engines  and  Fans  for  forced  draught.  Mill's  Patent  High-Speed  Engines, 
all  at  work;   and   other  ship  appliances.*      Aflcr  inspecting  these,  he 
should   take  the  next  turning  to  the  right;  it  ivill   bring  bim   to    the 
stand  of  Messrs.  Ernest  Scott  &  Co.,  who  liave  a  High-Speed  Launch 
Engine  at  work,  also  a  Fan  aTid  Fan  Engine  for  Ibrcod  draught,  Double- 
Distilling  Fresh  Water  Condenser  with  Triple  Pump.  etc.     He  moat 


TlioBO  interoated  in  Patent  HbUhi 

Doiikin  In  Nicliul's  stand  in  pusi)^  No.  1, 

deugu  of  «  S«wagc  St«uiii;r  b;  IXessr: 

Photogruplti  uf  Engines,  etc.,  iuiit  \>\  -Mts 


Slid  tli^'iii  ti'Iiiiid  Messrs. 
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'  now  retrace  his  stcpH  along  the  'West  (No.  -t)  paaBBge.  Oa  his  Jaft 
will  be  fotitid  the  Worthington  and  other  notable  StGnm  Puni|e  j 
also  tho  stand  of  Messrs.  Henry  Watson  &  Sons,  who  show  their  Patent 
Automatic  Air  Valve  and  Improved  Navy  Pimip,  and  McElroy's  Patent 
Water-tight  Door ;  on  bis  right  ars  the  Steam  Steering  Gears  of  Meesi's. 
Amos  &  Smitli.  and  Meesrs.  Holmea  &  Co.'s  system  of  Electric-lighting; 
and,  lastly,  on  his  left,  the  fine  working  model  (one-fonrth  full  aise)  of  a 
set  of  Triple  Compound  Engiuea.  1,100  indicated  horae-jiower,  manu- 
fnctured  by  Messrs.  Palmer's  Shiiibiiilding  &  Iron  Co, 

Still  following  the  ronte  marked  out  by  the  arrows,  he  may  now  return 
I  to  tlie  North  Court,  passing  on  his  way  the  stand  of  Messrs.  R.  Robinson 
'  &  Co.,  the  printers  of  the  Official  Catalogue,  etc.;  also  the  intcriisting 
collections  of  Coal  and  Mining  E.vliibits,  and  thence  across  the  North 
Court  to  the  Boiler  Honae  in  the  North  Gardens,  along  the  outside  of 
which  will  he  found  the  cshibita  of  Messrs.  The  Steel  Co.  of  Scotland, 
Messrs.  John  Spencer  &  Co.,  etc.  The  chief  arrangements  of  Electric- 
lighting  for  the  whole  building  wiil  be  found  inside  the  Boiler  House. 
If  be  will  proceed  to  tlie  end  of  the  Lake,  return  by  the  Old  Tync 
Bridge,  and,  when  he  hiis  reached  tlie  south  end  of  the  Bridge,  walk 
eastward  (to  the  left),  ho  will  see  before  him  the  Crank  Shaft  for 
the  "Sardegna's"  engines,  raanuractured  by  Messrs,  Vickers,  Son,  & 
Co.;  and  to  the  north  of  these  the  eihibita  of  Messrs.  Jcssop  &  Sons 
and  Messrs.  John  Brown  &  Co.  He  may  now  consider  his  inspection,  from 
a  professional  point  of  view,  at  an  end.  While  in  the  North  Gardeus  he  may 
either  insjiect  the  various  objects  of  interest  around  him,  or  return  to  the 
North  Court,  and  then  proceed  along  the  East  Court,  which  he  will  find 
devoted  chiefly  to  articles  of  Furniture,  Pottery,  and  China  Ware,  to  the 
Art  Gallery,  after  visiting  which,  ho  may  inspect  the  South  Court,  the 
priucipal  exhibits  of  whicli  arc  domestic,  and  thus  rctorn  to  the  Weat 
Court.  He  will  now  have  completed  his  somewhat  Imrried  tour  through 
the  whole  building.  Bat  if  time  will  permit,  and  he  should  desire  to 
make  a  more  minute  inspection  of  any  of  the  various  exhibits,  tlie  writer 
of  this  sketch  would  refer  him  to  the  Subjcct-Matter  Indes,  hcgiiming 
on  |)F^e  335  of  the  OfUcial  Catalogae  (2nd  edition),  which  may  be  found 
useful. 


PALMERS  SHIPBTTILDING  AND  IRON  COMPANY. 

The  works  of  Palmers  SLipbnilding  and  Iron  Oompany,  Limited, 
are  situatod  at  Jarrow,  on  the  south  side  of  the  river  Tyne,  and  alKiut  4 
miles  from  the  sea.  They  occupy  an  unbi-okon  frontage  of  about  three- 
quarters  of  a  mile  on  the  rirer,  lie  east  and  west,  and  comprise  the 
following  five  distinct  and  separate  branches  divided  into  productive 
and  constructive  departments : — 

First,  there  are  four  large  Blast  Furnacea,  85  feet  high,  and  capable 
of  prodacing  120,000  tons  of  pig  iron.  This  is  being  done  at  the  present 
time,  the  larger  lialf  of  which  is  hematite  pig  iron,  suitable  for  steel  inaan- 
facture  both  by  the  Siemciia-Martiii  and  Bessemer  process.  The  foriiacea 
supply  gas  as  fuel  from  the  smelting  of  the  ironstone  to  twelve  Lancashire 
boilers,  which  in  turn  supply  steam  for  driving  the  engines  which  produce 
the  blast  reqmred  in  the  furnaces  for  smelting ;  the  blast  on  its  way  to 
the  furnaces  passes  through  eight  of  Whitwell's  hot  blaat  stoves,  taking  up 
1,600  degrees  of  heat,  at  which  temperature  it  passes  into  the  furnaces. 

The  second  department  is  that  of  the  Rolling  Mills  where,  when  in 
full  work,  52,000  tons  of  finished  iron  of  every  reqitired  section  is 
produced  annually. 

The  third  productive  department  is  that  of  the  Steel  Works,  which 
were  built  during  the  year  1885,  and  comprise  recent  improvement* 
■  both  in  the  construction  of  the  furnaces  and  for  the  treatment  of  the 
ingots  i  the  latter  aie  reduced  by  cogging  mills,  driven  by  engines 
indicatiog,  when  retjuired,  6,000  horse-power.  These  are  driven  by  nine 
steel  Lancashire  Ixiilers  working  at  100  j^ounds  pressure. 

Next  arc  the  constructive  departments.  First,  there  are  the  Engine 
Works,  capable  of  turning  out  annually  G,000  nominal  horse-power. 
The  department  comprises  brass  and  iron  foundries,  forges,  copper- 
smiths' shops  and  brass  finishers'  shops,  wliich  supply  the  whole  of  the 
materials  required  for  the  engines  under  constntction.  This  department 
is  capable  of  turning  out  engines  of  any  magnitude  without  being 
dependent  for  any  important  portion  of  their  details  upon  other  works 
outside  the  company's  premises. 

The  same  may  be  said  of  the  last  department — the  Shipbuilding 
Tard,  This  consists  of  fourteen  launching  berths  (including  sis  in  the 
Howdon  Yard  on  the  opposite  side  of  the  river),  adapted  for  the  con- 
struction of  the  largest  vessels  for  war  or  commercial  purposes,  and 
capable  of  turning  out  70,000  tons  of  commercial  shipping  annually. 
In  1882  and  1883  over  60.000  tons  each  year  were  sent  aSoat,  since 
which  time  the  capabilities  of  all  the  departments  of  these  works  have 
been  increased,  and  are  now  capable  of  doing  fully  the  above  work, 
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CONRKTT  IRON  AND  STEEL  WORKS, 

The  property  of  tbe  CoDsett  IroD  Co.  (Limited),  is  eitnated  in  the  north- 
west of  Durham,  and  consials  o!  extensive  collieries,  coke  ovens,  brick- 
(vorka,  blast  furnaces,  puddling  forges,  iron  plate  rolling  mills,  Siemens- 
Martin  steel  plant,  and  steel  plate  rolling  mills. 

The  coUierieB  extend  over  a  large  area,  and  produce  coking  and  other 
coals  of  the  finest  Durham  (]nality  to  the  extent  of  over  one  million  tons 
annually.    The  coke  ovens  produce  about  50(i,WiO  tons  of  coke  per  annum. 

The  brickworks  are  so  constructed,  and  attached  to  ranges  of  coke 
ovens,  that  the  waste  heat  of  the  latter  is  applied  to  the  drying  floors  and 
kilns  for  economj  of  fuel.  The  capacity  of  these  works  is  equal  t«  about 
150,00(1  bricks  per  week. 

The  blast  furnace  plant  is  concentrated  in  the  Oonsett  township, 
which  is  the  centre  of  the  iron  and  steel  manufacture.  There  are  seven 
blast  furnaces  of  modem  construction,  each  55  feet  high,  Some  of  these 
have  made,  for  many  months,  80u  tons  of  high-class  Bessemer  pig  iron 
per  week.  There  are  four  pairs  of  jxiwerful  blowing  engines.  The 
blast  is  heated  by  brick  stoves,  four  to  each  furnace,  of  the  Whitwell 
type,  which  were  the  first  of  this  kind,  applied  about  the  year  1868. 
The  furnace  gases  are  applied  for  generating  steam  and  heating  the 
brick  Htones.  These  seven  furnaces  have  produced  over  210,000  tons  of 
pig  iron  per  annum,  and  are  capable  of  doing  mnch  more. 

There  were  recently  175  puddling  furnaces,  and  over  110,000  tons 
of  ]mddled  iron  have  been  produced  annually.  This  section  of  the 
raaimfacture  is  now  gi\ing  way  to  the  operations  in  steel.  Up  to  a 
recent  date  85,O0o  to  9n,i.iOO  tons  of  iron  plates  ixt  annum  have  been 
made  for  shipbuilding,  boilers,  bridges,  etc. 

In  the  mannfactare  of  steel,  the  Siemens -Martin  process  has  been 
adopted  for  the  production  of  mild  steel.  Tbe  gas  producers  are  of  the 
Siemens'  type.  There  are  now  at  work  eight  Siemens'  melting  fnmaces 
of  large  capacity,  with  spacious  platforms,  valve  chambers,  etc.  The 
ingots  produced  arc  converted  into  slal)s  by  a  cogging  mill.  There  are 
two  rolling  mills  devoted  to  the  conversion  of  these  steel  slabs  into 
plates,  and  the  present  production  of  these  mild  steel  plates  is  about 
1 ,000  tons  weekly.  In  the  manufacture  of  steel  at  Consett  hematite  ore 
only  is  used. 

Consett  for  this  trade  is  practically  self-contained.  It  hex  its  own 
excellent  fuel,  and,  by  its  association  with  miuiug  in  Spain,  it  has  also, 
to  a  considerable  extent,  ila  own  pure  iron  ore. 


In  the  oonrae  of  conalruction  are  the  following : — A  fiuther  range 
of  eight  Siemens'  melting  fnnmccs  of  even  larger  capacity  than  the 
existing  furnaces ;  a  powerful  pair  of  engines  and  mill  capable  of  cogging 
ingots  np  to  fonr  and  five  tons  in  weight;  also  a  large  hot  bloom  sheare 
cafiaUe  of  cutting  a  slal)  3(}  inches  by  9  inches.  Another  plate  rolling 
mill  is  undergoing  reconstraction  for  Btecl  plates  of  large  aizes  for 
shipbuilding,  and  various  engineering  requirements. 


ELSWICK   SHIPYARD  AND  WORKS. 

The  shipyard  lies  at  tlio  extreme  cast  end  of  the  Elswick  Works.  Its 
formation  kor  commenced  in  1883,  and  it  now  occupies  16  acres  of 
"made"  ground,  with  a  river  frontage  of  about  2,000  feet.  Along  the 
finishing  jetties  there  is  a  depth  of  2C  feet  of  water  at  low  tide  and  86 
feet  at  high  tide. 

OBJECTS  OF  INTEREST. 

H.M.  AitMOUU-CLAD  "VroTOHiA." — This  vessel  was  lauuched  in 
April  last,  and  is  now  lying  alongside  the  Quay  at  the  west  end  of  the 
yard.  Iler  principal  dimensions  are  as  follows  t — I^ength,  3-10  feet; 
breadth,  70  feet;  mean  draught,  26  feet  3  inches;  displacement,  10.500 
tons.  Her  armament  consists  of  two  110  ton  guns  mounted  in  a  single 
turret  forward,  one  10  inch  giin  aft,  twelve  C  inch  gnns  on  the  btoad- 
sidos,  and  about  thirty  smaller  guns.  She  also  has  sis  torpedo  tales. 
Her  sides,  and  tlie  redoubt  containing  the  mechanism  for  working  the 
turret  and  the  loading  arrangements,  are  protected  with  18  inch  steel- 
faced  armour,  and  the  turret  itself  is  protected  with  17  inch  steel-faced 
armonr.  Her  engines  are  of  the  vertical  triple  expansion  type,  and  are 
expected  to  develop  12,000  indicated  horee-power  nnder  forced  draught. 
Steam  is  supplied  Irom  eight  single-ended  rctnm-tnbe  boilers,  the  steam 
pressure  being  135  lbs,  per  square  inch. 

PnoTECTED  Cruisers  "  Chih  Yuen  "  and  "  Chiko  Ttjim." — ^Theso 
fessels  are  lying  off  the  centre  jetty,  and  are  nearly  complete.  Their 
dimensions  are  as  follows: — Length,  2S0  feet;  breadth,  38  feet;  mean 
draught,  15  feet;  displacement,  3,300  tons.  Their  armament  consists  of 
two  8  inch  gnns  (twin- mounted)  forward,  one  8  inch  gnu  aft,  one  6  inch 
gun  on  each  broadside,  and  a  number  of  smaller  guns.  They  also  cariy 
four  torpedo  tabes.  Hydraulic  machinery  is  largely  used  in  these  vessels 
for  working  the  guns,  steering,  warping,  etc.  They  are  fitted  with  twin 
screws  and  triple  expansion  engines  of  horizontal  design,  and  capable  of 
developing  upwards  of  fijOOO  indicated  horse-power. 
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REFERENCE. 


A    Consett  Railway  Station. 

B    Puddling  Forge  and  Iron  Plate  Rolling  Mills. 

C  General  Offices. 

D  Blast  Furnaces  with  Whitweirs  Stoves,  Blowing 
Engines,  fcc. 

E  Siemens*  Melting  Furnaces,  Gas  Producers,  &c. 

F  Iron  and  Steel  Testing  House. 

Q  Ingot  Cogging  Mill  and  Steel  Plate  Rolling  Mills. 

H  Puddling  Forges  and  Iron  Plate  Rolling  Mills. 

I  New  Block  of  Siemens*  Melting  Furnaces  in  course 
of  construction. 

J  New  Ingot  Cogging  Engines,  Cogging  Mill,  Heary 
Bloom  Shears,  and  Steel  Plate  Boiling  Mills 
in  course  of  construction. 

K  Brick  Works  with  arrangements  for  utilising  Waste 
Heat  at  Coke  Ovens. 

L    Consett  Town  Hall. 
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(TECTBD  CeDISBHS  "  ISLA  DE  LuZOX"  AND  "  IbI.A  DB  CUBA."- 
These  vessels  are  of  &  Bmaller  clasB  tliuii  the  preceding;,  their  dimensions 
being — length,  185  feet :  breadth,  30  feet ;  mejin  draught,  1 1  feet  G  inches ; 
displacement,  1,030  tons.  Their  armament  consists  of  sis  12  centimetre 
gons,  nine  smaller  gnna,  and  three  torpedo  tubes.  They  are  fitted  with 
twin  screws  and  horizontal  triple  expansion  engines,  carrying  steam  of 
150  Ihs.  pressnre,  and  running  at  19ii  revolotiona  per  minnte  under 
forced  draught. 

Armoitb-clad  Berths. — At  the  east  end  of  the  yard  aic  two  berths 
piled  down  to  the  boulder  clay  and  adapted  for  the  construction  of  the 
largest  class  of  arm onr-clads.  On  one  of  these  may  he  seen  the  ways  from 
which  H.M.S.  "  Victoria"  was  launched  a  few  months  ago,  with  a  launch- 
ing weight  of  no  leas  than  5,600  tons. 

TcEriET  FOK  H.M.S.  "  VicToniA."— Close  to  the  armour-clad  berths 
the  turret  for  H.M.S.  "Victoria"  is  being  constmcted. 

Mechanical  Applianceb.— Amongst  the  machines  may  1 
tioned  a  steam  punching  and  shearing  machine  capable  of  punching  and 
shearing  cold  2-inch  steel  plates,  Brown's  crane  locomotives,  Arthur's 
lievelling  machines,  Hamilton's  gear  cutters,  Parson's  electrical  gener- 
ators, etc. 

onONANCE  DEPARTMENT. 
Passing  up  the  railway  incline  from  the  shipyard  to  the  ordnance 
department,  arriving  at  the  top  wiU  be  seen  a    105  ton  gun,   whose 
dimensions,  etc.,  are  as  follows  ; — 

Length  overall        ...     49U  inches  or  40  feet  10  inches. 

Diameter  of  bore II  inches. 

Weight  of  projectile  2,000  lbs. 

Weight  of  charge 900  lbs. 

FoHQE  Shop  (0'  on  Plan). — A  gun  ingot  being  forged  under  a  35  ton 
nammer  of  13  feet  stroke. 

Gvs  Cahriagb  Shop  (E'  on  Plan). — Gun  carriages  of  varions  sizes 
in  progress,  among  which  may  be  noted  a  hydraulic  naval  carriage  and 
platform  for  gun  of  9'2  inches  calibre.  The  carriage  and  platform  are 
mounted  on  a  central  pivot  and  a  Hve-ro!ler  ring. 

This  mounting  is  made  of  Bt«el  and  is  fitted  with  a  Vavasseur  recoil 
cylinder,  frictional  elevating  gear,  steel  shield,  traversing  gear,  loading 
;,  and  a  sighting  and  loading  platform.     The  recoil  cybnder  absorbs 
the  energy  of  the  recoil  and  is  automatic  in  its  action,  the  gnn  returns 
into  firing  position  immediately  after  recoil. 
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The  jiowder  charge  is  brouglu  up  fr^m  the  ship's  magftzities  beloiO 
tliroQgU  n  central  tulw  paeeing  tliroiigh  the  pivot  of  the  plaLfons  and 
ciirring  towarda  the  breech  of  tlie  gun. 

The  |>Iatftrrm  carries  a  large  supply  of  projectileB  ready  for  use. 
e-racn   Brkech  Loading  Guk.— Mounted  on  a  centre  j.ivut  Vart 
seur  carriage.     Dimensions,  etc.,  of  the  gun  are  ; — 

Weight  o  touB. 

Length  overall  ...      1H4  inches  or  16  feet  2  inches. 

Calibre  6  inches. 

Weight  of  projectile  100  !!». 

Weight  of  charge 50  llw. 

Sti-POUNDER  SiMULTASKoua  LOADING  (juK. — The  ammunition  for 
this  gun  is  arranged  as  in  riiles  and  email  guue  of  rapid  tire,  the  powder 
chai^  being  contained  in  a  brass  case,  into  the  mouth  of  which  the 
projectile  is  fixed. 

The  breech  of  the  gun  is  so  arranged  that  it«  opening  and  closing 
are  done  exceedingly  qnickly  and  easily,  and  the  firing  is  done  by 
electricity. 

The  arrangements  are  such  that  tiie  rapidity  of  working  does  not,  in 
the  slightest  degree,  involve  any  risk  of  premature  tiring. 

The  mounting  is  also  specially  niTanged  ;  the  carriage  can  be  trained 
and  the  gun  elevated,  and  fired  by  one  man.    Tlie  gun  always  recoils  in 
the  line  of  fire,  and  is  instantly  returned  to  loading  poeition  by  means  of 
Bpringa,    The  recoil  is  absorbed  by  a  hydraulic  press. 
The  dimensions  of  the  gun  are : — 

Length  overall         ...  157  inches  or  13  feet  1  inch. 

Weight         M  cwtB. 

Calibre         la  cm.,  or  4'724  inches. 

Weight  of  projectile  86  lbs. 

Weight  of  charge     12  lbs. 

The  rate  of  firing  actually  obtained  in  practice  at  roi-almouth  i 
12  rounds  per  miunte. 

28  CM.  (11  iucheB),  Howitzeb  Carriage  (iVt  coustrtalion). — This 
is  a  novel  arrangement  fcjr  high-angle  fire  j  in  this  the  gun  can  be  fired 
at  angles  up  to  7.^°  above  the  horizon.  The  weight  of  the  gun  for  this 
carriage  is  Uptons, and  the  mounting  is  hydro-pneumatic,  ■'.«.,  expausion 
of  air,  throngh  the  medium  of  water,  is  employed  to  run  the  gim  np  the 
inclined  slide,  and,  having  this  means  of  power,  the  slide  may  be  placets 
at  an  angle  corresponding  with  that  of  the  axis  of  the  gun- 
power  is  made  use  of  to  arrest  the  motion  of  the  gtm  in  recoil. 
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Z^.— Projjkctilb  Shop. — Projectiles  of  various  sizes,  up  to  2,000  lbs. 
weight.  - 

T^. — iFouNDRY. — Casting  of  projectiles,  etc.,  in  machine  moulds. 
Moulding  and  casting  of  general  work. 

X^  AND  X^a. — Gun  Carriage  Shops. — Field  carriages  and  fittings. 
Hydro-pneumatic  disappearing  gun  carriages  in  construction.  Hydraulic 
carriages,  for  68  ton  and  100  ton  guns,  in  construction. 

Q^ — Hotchkiss  guns,  carriages,  ammunition,  and  other  small  work. 

L^.— Gun-Finishing  Shop. — 3-pounder  Hotchkiss  gun  on  non-recoil 
carriage ;  3-pounder  Hotchkiss  gun  on  recoil  carriage ;  7-pounder  jointed 
gun  for  mountain  service,  as  used  in  Abyssinian  and  other  campaigns. 

K^  J^,  AND  H^. — Gun  machinery  shops ;  boring,  turning,  rifling,  etc. 

ENGINE  DEPARTMENT. 

Enter  M. — Smith's  Shop. 

L. — Part  of  800-ton  forging  press  erected.  Shields  for  guns  of  belted 
cruisers,  etc. 

H  AND  I. — Machine  and  Erecting  Shops. — Cylinder  for  800-ton 
forging  press. 

D. — Hydraulic  oscillating  engines,  hydraulic  pumping  engines,  etc., 
hydraulic  cranes,  bollards  and  capstans  for  merchant  service  steamers. 

T. — Bridge  Yard. — Hydraulic  swing  bridge,  80-feet  opening. 
Pedestal  and  cylinders  for  80-ton  hydraulic  crane. 

Exit  by  C^  and  R. 


The  number  of  workmen  employed  by  the  firm  is  between  twelve  and 
thirteen  thousand. 
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NEWCASTLE  TRAMCARS. 


in.,  Hud  ever; 

16  iniaiitc*   until 

Fare  2d. 

.and  every  15 

minutes  until  1225 

Fare  3d. 

■t  8'35  a.m-,  a 

d  even-  HI  inimitoB 

ri<lg<.only.     !■■ 

re  2(1. 

aiidBverj40nii 

iit(»mitillU'5|).iil. 

10-30  p.iu. 
Sdotswood  Toll  to  Momihent  at  S'30,   9'0  i 

1  0  p.in.,  then  every  10  milmtes  till  10'30  p.i 
MoNriTENT  TO  SCOTSWOOD  ToLL  at  8'0,  8  25  a. 

p.m,,  then  ever)-  10  minutea  nntil  9'65  p.m. 

Jesmosb  BOAi)  (MisoBiBs)  TO  Cbntbal  Station  b< 

until  10'25  p.in.     Tlie  10'25  p.m.  U 
Vbxxbu,  Statiok  to  JusuoNti  HoAD  at  8'46  B.in.,  i 

Fare  2d. 
Cbntbal  Station  to  OtBOUHB  Aybhitb  at  8'GO  a.ni.,  and  everj  10  minutea  till  10'30 

p.m.     Faro  2d. 
Obbobvb  Avkntjb  at  8-30  a.m.,  and  every  10  minntes  till  lO'SO  p.m. 
Bkkeii  ro  Cbntsal  Station  at  830  a.m,  and  every  10  ininntcs  until  1030  p.m. 

The  10'40,  lO'BO,  and  llOp.in.  la  Blaukett  Street  only.     Fare  2|d. 
CB.vraAi.  Station  to  Bekbb  at  8'30  &.!□.,  ami  every  tO  minntca  until  1030  p.m. 

Fare  BJd. 
Oostobtr  to  Montubnt  at  7-30  and  8-0  a.m.,  and  ercry  16  minat«9  until  12  noon, 

then  every  10  tniniiU»  until  S'SO  p.m.,  then  at  9'45, 10-0,  andlO-30  p.m.    Fare3d. 
HonriiKNT  to  GosroBTH  nt  8  0,  B-0,  ami  0  30  a.m..  and  every  15  minutes  until  1-30 

p.m.,  then  every  10  minutes  until  10-30,  then  11-0, 11-16,  and  11-30  p.m. 
HoNFKBNT  TO  Elswick   Road  at  8'0  a.m.,  and  every  10  minutes  till  1030  p.m. 

Fare  2d. 
Emwick  Roao  to  Monfment  nt  S-2S  a.m.,  and  *5,  EB,  5,  and  IB  ininuton  past  each 

hour  till  I0'55  p.m. 
Abthvb'b  HtLL.— Leave  the  Moscmbki  at  8-5,  8-3G,  8-BE,  925,  fl-t5,  10-15,  10-35, 

11-6, 11-25.  II  S5.  12-lS.  12-45,  1-6,  1-35,  155,  2-25,  2'45,  S'lS,  3-36,  4-5,  4-85, 

4-55,  6-15,  5-45,  66,  OSS,  fi-55,  T'BS.  7-45.  8-15,  B-35,  (1-5,  9-26.  9-5B.   10-15. 

Returning  2S  minuleu  after. 
*  Curfl  leaving  Osbouhr  AvEKrE  and  Jesvom)  oft^T  lOIU  p.m.,  and  Gosfoutii  at 

lO-O  p.m.,  atop  at  Barrea  Bridge. 


GATESHEAD    TRAMCARS. 

I,ow  Fbll  to  HiciL  Level  freni  8  30  a.m.,  unil  every  10,  30.  and  50  m 


hhonr 


y  9-30  ].. 


..  and  every  20  and  40 


HtOH   Lkvbl  to  Low  Fbll  and  Saltwslt.  Tmrn  6'40  a, 

minutes  past  each  hanr  till  9-40  p.m. 
High  Lbtbl  to  Teams  from  7-55  a-m,,  nud  every  15,  35,  and  56  minute*  past  each 

hnur  till  9-35  pm. 
TsAHB  TO  Hian   Lbtbl  fmm  8'25  a.m.,  and  ever;  5,  25,  and  45  minutes  past  each 

hour  till  9'45  p.m. 
Fbllino  to  STTNDBBLAno  RoAD  EsD  from  8'50  a.m.,  and  every  10, 30,  and  50  minat«a 

Iffljrt  each  hour  till  10-10  p.m. 
Sitkubblani)  Road  Esd  to  Fri.liho  8-50  a.m.,  and  every  10,  30,  and  60  minuica 

put  eaeh  hour  till  950  p.m. 

(1  0 


RAILWAY    TIME     TABLES. 
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